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Airplane View of Pittsburgh, Showing the Confluence of the Allegheny and Monongahela 
Rivers Which Form the Ohio. 


PITTSBURGH—the city whose name has been made famous by steel—is 
the site chosen by the board of directors of the A. |. & S. E. E., at their 
regular meeting held January 12, for the 3lst convention and iron and 
steel exposition. The dates for the annual meeting are September 24, 25, 
and 26. The William Penn Hotel was selected as the official headquarters 
and will house both the meetings and exposition. Centrally located as far 
as the steel industry is concerned this city has within a radius of 100 miles 
a producing capacity of approximately 34,192,000 tons of steel or about 
50 per cent of the total capacity. 


With such a large producing area as a nucleus for conducting a successful 
convention, plans are being rapidly formulated for both the technical 


sessions and the exposition. Layouts for the exposition space will be ready 


for disposition in February. 
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The Development 
Of The Modern 


Blast Furnace 


By ARTHUR G. McKEE 
President, Arthur G. McKee & Company, 
Cleveland, Ohio. 


Paper presented at the A. |. & S. E. E. Annual 
Convention held in Cleveland, Ohio, Sep- 
tember 18, 19 and 20, 1934. 


I am not going to read a paper at all. I had an 
experience in Youngstown one time where I read a 
paper and it put most of them to sleep, so I swore 
off then and haven’t written a paper since. 

What I want to do this morning is to talk to you 
about blast furnace development and see whether we 
can perchance get to thinking a little bit more than 
we normally do. I am going to try and serve as a 
signboard. You know, a signboard is helpful even 
though it stands still. I am going to try and give 
you something to think about in the way of possible 
development in blast furnace construction. I was 
asked some six months ago if I wouldn’t talk to you 
this morning and in a weak mement I said I would. 
Here we are and I hope among us we can get to 
something that is interesting. 

The President of this Association, Mr. Walter H. 
Burr, in his annual message to the Association said, 
among other things, “We must advance. He who 
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stops is overwhelmed. He who ceases to grow 
greater becomes smaller. He who leaves off gives 


up. The stationary condition is the beginning of the 
end.” That is my text this morning, but this isn’t 
going to be a sermon. 

I was born up in the mountains at State College, 
Pennsylvania, and one of my earliest recollections is 
an old stone blast furnace. The one I speak of was 
a pyramid and still stands in the old place. 

Fig. 1 shows two blast furnaces which are of 
about the same period as the one just mentioned. 
You will notice the hearth is two or three feet in 
diameter. The gas from the furnace passed first 
through the setting of the old cylindrical tubeless 
boiler and then through the old-fashioned pipe stove 
which is shown to the right. Due to the draft, 
enough air was pulled in through an opening to 
complete combustion. Of course, it is an outside 
fired boiler, having no tubes at all. They dumped 
the stock into the top and the distribution was not 
a matter of any great concern. It must have been 
a one-sided operation but that was the best they 
could do. These furnaces were built about 1853 and 
were the best they had at the time. 

Two or three weeks ago I sent for our files and 
found a drawing of the original Perry Iron Company 
furnace at Erie, (Fig. 2) which was one of the first 
furnaces designed and built after I went into the 
business as an independent engineer in 1905. This 
furnace was at that time somewhat obsolete, but my 
old friends Ed. Williams and Sherman Clark insisted 
they wouldn’t have that type of furnace because of 
the experience Williams had had in Toledo. 

You will see this is a hand-filled furnace, open 
top, and during its operation was reasonably satis- 
factory, although the labor costs were high. That 
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FIG. 2. 


was one of the last vertical hoist furnaces built in 
this country. 

Referring to the very excellent paper entitled 
“The Modern Blast Furnace” compiled by the Pig 
Iron and Coke Association of Chicago some three or 
four years ago, I have taken the liberty of copying 
some of the furnace sections given us (Fig. 3). 

Section 1 is Edgar Thomson “B” furnace as lined 
in 1880. This is a small hearth furnace with a large 
top. It has an 11-foot hearth, 20-foot bosh, and 17- 
foot top. In Section 2 we see an Edgar Thomson 
furnace which was built in 1890. It had an 11-foot 
hearth, 22-foot bosh, and a 15’-6” top. Then Section 
38 which was built in 1901, Edgar Thomson, 14’-6” 
hearth, 73°30’ angle, and 15-foot top. That was the 


development after twenty or twenty-five years of 
blast furnace design, and I must say this particular 
design was probably the worst that was ever built 
in this country. We thought at that time it was 
the best because it produced more iron than the 
others. With the low bosh it did; but it is hard to 
imagine a furnace which could raise cain more con- 
stantly and show more kinds of trouble than a fur- 
nace with a flat bosh like that. 

I was in England twenty years ago and was talk- 
ing with the manager of a blast furnace plant, and I 
told him something about the American development 
in blast furnace construction, about steep boshes, 
He said, “In England your American furnaces 


etc. 
I know they don’t because I have two 


don’t work. 
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of them here.” I said to him, “Tell me, what are PLATFORM 
the lines of these furnaces?” He showed me the lines f 
of the furnaces as built by Mr. Roberts. He said, d 
“And I have improved them materially.” The lines Sa x 
as built by Mr. Roberts had a 72° bosh and the lines A 
he had installed had a 69° bosh. With a furnace 2 _ 67 |} STOCK { 
100 feet high, with a 14 or 15-foot hearth, he was {_ = Pr 
getting 125 or 150 tons a day and he was having wigs 
trouble all the time. Ojw , 

Now we come to the comparison of an 1880 furnace Si _ 
and the present day furnace. The furnaces lines shown — 
heavy (Section 4-Fig. 3) were drawn by our friends u“ 
in Chicago as an illustration of a good modern fur- 20} 75" J 
nace, showing how it had the same bosh angle as .. 
the 1880 type but they cut off quite a lot of the t . on 
bottom and put in a 16-6” hearth, 20-foot bosh, and 7 Ol. ¥ 
still have about the same diameter in the stock line, & 2 oy 
about 15 feet. Having a lower bosh they had better a 
results but when they went back to the flatter bosh - : 
angle they never had satisfactory operation. The é 3 
dotted lines on the outside show the ideal furnace, aol 2 
as given out by the Chicago Iron and Coke Associa- oe = 30* 0” ol 
tion peopie—29 3” bosh, and a 19-foot top. This a 5} F, 
was their idea of an.ideal furnace. It is a very con- =e Wi > 
sistent furnace, considering all of our developments, = “ m 12 COLUMNS 
and should give excellent results. As I said before, P 18 TUYERES 
it has approximately the same bosh angle as the older ° ¢ TUYERES. 
furnace but is wide at the bottom. They have wid- = ; Jcucee coasleiii 2 F 
ened the bottom of the furnace but have kept the © “28-6" “Tels 
top almost the same diameter. The old one is 1% | -~_—— —— ya or 
feet, and I think the proposed one is 19 feet. a 

N 


Fig. 4 shows another furnace which is extreme as 
feet 6 


to the development of the hearth. It is 28 
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inches at the bottom, 30 feet in the bosh, and 19 feet 
6 inches at the top. That is the extreme develop- 
ment of the hearth up to date, and it gives you an 
idea how the furnace has been widened at the bot- 
tom, while the top has been left practically as it was 
in the old days. 

Fig. 5 shows a furnace that we built for the Rus- 
sians. This furnace was designed a little before this 
ideal furnace was designed in Chicago. It has a 25- 
foot hearth, bosh 28 feet 6 inches, and a 20-foot 
stock line. I wanted to make the stock line bigger 
but I couldn’t persuade our Russian friends to go 
farther than 20 feet. So far as we know this furnace 
has given satisfactory results. I show you that mere- 
ly to indicate the possibilities in the development of 
the top diameter to greater dimensions than you 
usually find. : 

You know, it is hard to say just where we are 
going and anybody who starts to prophesy is subject 
to criticism, and very likely the development as sug- 
gested by any one person may be in a direction dif- 
ferent than a later development which proves him 
wrong. I suppose I might be subject to some ques- 
tion as to whether I should propose the different 
things to you men who know so intimately the blast 
furnace development and trend. 

You may be interested in the story of the old 
man who had a beautiful crop of whiskers, of which 
he was very proud. His granddaughter was sitting 
on his lap one day, and she said to him, “Grandpa, 
do you sleep with your whiskers inside the covers 
or outside the covers?” And he said to her, “I'll 


tell you, Martha, I never thought about it.” She said 
to him, “When you go to bed tonight you just think 
about it and tell me in the morning.” The next morn- 
ing he came down stairs to breakfast and when the 
little granddaughter looked at him, she said, “Grand- 
pa, what happened to your whiskers!” He said, 
“Last night when I went to bed I thought about 
what you said. I[ put my whiskers inside the covers 
and I wasn’t comfortable that way, then I put them 
outside and I didn’t feel comfortable with them out- 
side, and I kept doing that all night long. Finally 
I got up and cut the darned things off.” 

I don’t know whether it is wise for a man in my 
position to put his head under the covers or take it 
out from under the covers and say what he thinks. 
But I am inclined to do the latter and tell you what 
I think about some of those things. 

Fig. 6, Section 8 shows a furnace which was ex- 
perimented with by Kinney, Joseph & Royster, in 
which they determined with very considerable ac- 
curacy the combustion zones as they existed in a 
blast furnace. A horizontal cross-section shows the 
areas of these combustion zones. The squares are 3 
foot six centers, and the combustion zones were rea- 
sonably close together. The central part is what the 
Germans call the “stille mann,” meaning the “dead 
man” in the center of the furnace. The section out- 
lined in the center, as far as we know, is occupied 
by coke. It is inactive and doesn’t move excepting 
as the bottom of the mass of coke is dissolved out 
by the iron in taking up carbon before it is tapped. 
The experiments proved that the iron went down 
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through the outside zone, the carbon was burned out 
to about one per cent, and then as it got down in 
the hearth, came in contact with the coke which was 
resting on the bottom of the hearth, and the iron re- 
absorbed the carbon until it had the standard analysis 
of about four per cent. This “dead man” in there, 
as far as 1 can tell, is a waste of space. It doesn’t 
do anything. The coke is there and fills the space. 
That is about all you can say for it was the excep- 
tion that the coke laying on the bottom of the hearth 
does give to the iron the necessary carbon before 
being tapped. 

Section 10, Fig. 6 is another furnace which is 25 
feet in diameter and has the same combustion zones. 
One side shows a 16 tuyere arrangement and the 
other a 22 tuyere layout, indicating the difference in 
design and the form of furnace you would have if 
vou put tuyeres in as closely together as they are in 
the latter case. That gives you a very much larger 
combustion area through which the iron and slag is 
passed down to the bottom of the hearth and should 
give you a better reaction and better iron quality. Of 
course, my friend Bill Haven says the less tuyeres 
you have and the bigger the hearth the better the 
operation. But in this case I am suggesting the pos- 
sibility that that isn’t the best statement of the sit- 
uation. Kinney, in his paper, suggested the making 
of an oblong furnace hearth which would have no 
core, and he suggested having the entire bottom area 
of the furnace occupied by a series of closely placed 
combustion zones so that all of the iron and slag will 
go down through this high temperature zone. I am 
not advocating building a furnace like that, although 
it is, of course, just exactly what they do in the cop- 
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per smelting furnaces and they work satisfactorily. 
It is an extremely radical suggestion, but it does 
have one advantage (if Mr. Kinney and some other 
people are right) in having the metal and slag doing 
down through the high temperature combustion zones. 
In fact the construction shown Fig. 6, Section 10, 
with 22 tuyeres is like that, but when you think 
about the “dead man” which is a dead space over 
which the coke and other stock slides down to the 
combustion zone, you really have that space sur- 
rounding the “dead man” and through which space 
the material must pass, to a large extent, occupied 
by combustion zones of high temperature. 

That is a radical suggestion and contrary to the 
beliefs of many people. But the people who made 
such an intimate study of this furnace and other fur 
naces have made the suggestion that we should have 
a larger combustion area in the bottom of the fur- 
nace, and it is just possible that a furnace of that 
design will give us better results that a furnace hav- 
ing less tuyeres and less space. 

The furnace shown on Section 6, Fig. 6, has given 
excellent results. It is 18 feet 6 inches in the hearth, 
22 feet and 3 inches in the bosh, and 18 feet 4 inches 
in the top. There is a furnace which has practically 
the same diameter top and bottom, with a large area 
for gases to pass through the stock in the top of the 
furnace, with a minimum of entrainment of flue dust 
in the outgoing gas. 

Along these same lines, but not as extreme as 
that, I have drawn here a section of a blast furnace 
that has a 25-foot hearth, 28-foot bosh, and a 22-foot 
top (Section 7, Fig. 6). It should give good results, 
unless the 22-foot top does present unseen difficulties. 
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Of course in the old days we had a 17-foot top, 
which was standard for a great many years. During 
the last few years they have crept up from that to 
an 18-foot top, and I think one of the last furnaces 
was 19 feet 6 inches. I don’t see any reason why a 
22-foot top, or even larger, cannot be used on present 
equipment. At any rate, I can say this, without 
any chance for contradiction for the moment, up to 
date we haven’t any experience in the operation of 
a blast furnace with more than 19 feet 6 inches, or 
20 feet at the top. ‘They worked all right as far as 
distribution, both radially and angular, is concerned. 
| can see no reason now why a 22-foot top, or 
greater, wouldn’t give as good or better results. 
Undoubtedly you will reduce your flue dust losses 
as you make the diameter of the top greater. 

Section 12, Fig. 7, shows another furnace which 
goes a little farther in the direction I have suggested 
and, of course, I don’t know whether it will work 
well or not. As I say, we haven’t had any practice 
to indicate it won’t work as well or better than other 
furnaces. It has a 20-foot hearth, 24-foot bosh, and 
a 22-foot top. That will give you a smaller batter 
in your in wall. I think it is 5/16 inch. It is an ex- 
treme departure from your present situation. I don’t 
see any reason why this furnace should not operate as 
well as the 18’6” hearth that I showed you a little 
while ago. 

The iron you use is definitely related to the 
amount of air blown into the furnace. This furnace 
would have 20 tuyeres. That would give you almost 
a continuous high temperature combustion zone 
around the furnace and in the middle you have your 
“dead man” which serves as the other side of that 
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oblong furnace, as suggested by Kinney. It keeps 
the stock moving down into this high temperature 
zone. This drawing was made after the other one, 
and I have shown the approximate way the coke rests 
on the bottom of the furnace. People tell you it 
doesn’t rest on the bottom of the furnace. It is only 
reasonable to believe that coke will go down and 
actually rest on the hearth of the furnace, and that 
coke must stay there until it is dissolved out by the 
iron surrounding the bottom of the “dead man,” giv- 
ing you the right amount of carbon in the iron. In 
other words, that “dead man” can’t move or change 
because it is undoubtedly kept free from any oxygen, 
since we are assured by Kinney and his associates, 
by German investigators and others, that the carbon 
dioxide never gets further than six inches from the 
tuyere. Surely if you blow enough air you come to 
the question of the resistance of the gas movement 
through the small area, and it is possible that it will! 
not be entirely satisfactory to go to this extreme. 
But this furnace will undoubtedly give you the air 
needed for the production of a very large amount of 
iron, and also give you ample volume where the iron 
is reduced by coming into contact with the carbon 
monoxide. Carbon monoxide, as the reducing agent, 
will reduce iron ore as it passes through the tempera- 
tures that you get, down to 600° F., the space in 
which direct reduction takes place is the volume 
noted as “zone of incandescent coke.” In other words 
there the carbon dioxide (or monoxide) will dissolve 
coke and cut down the efficiency. 

Above this zone you arrive at a_ temperature 
where the condition of your coke will not reduce your 
carbon dioxide, and from there up all of your carbon 
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monoxide changes to carbon dioxide in reducing the 
iron ore, and will stay carbon dioxide, with the result 
you have increased efficiency in the operation of the 
unit. What we need then is a large volume in the 
furnace above this point of loss of carbon dioxide 
and that is obtained by making this a very large 
diameter. And you also get an objective in having a 
large diameter in that you have a low velocity in 
your gases and a minimum of entrainment of the 
fine material carried out in the gases. 

Here is another thing you may or may not have 
thought about. When you blow air into a blast fur- 
nace it first combines with the incandescent coke and 
forms a considerable percentage of carbon dioxide. 
This is almost immediately reduced to carbon monox 
ide. Of course, when you burn air and carbon to 
carbon dioxide, you release some fourteen thousand 
B.T.U’s. per pound of fuel, and when you bring it 
back to carbon monoxide you have virtually a refri 
gerating effect, and heat will be reabsorbed in the 
cooling effect in the reduction of that carbon dioxide 
and carbon monoxide, or the loss per pound of fuel 
in heat is something like ten thousand B.T.U. When 
you blow air into the blast furnace your temperature 
immediately jumps up to about 3000 degrees. This 
is taking the Kinney furnace, having a blast tempera- 
ture of about 1200 degrees. That immediately jumps 
up to 3000 degrees, and then almost as suddenly it 
drops down again to 2300 or 2400 degrees and then 
tapers off to the center of the furnace, or the “dead 
man,” to a temperature of 2000 or 2200 degrees. 

That is a peculiar situation, which develops the 
fact that your blast furnace has an intensely high 


FIG. 


temperature in each of these combustion zones which 
immediately drops off, not by radiation of heat (al 
though that has some effect), but more largely due 
to the refrigerating action of the carbon dioxide 
changing to carbon monoxide. And the center of 
the_furnace is accordingly a good deal cooler than 
the combustion zones. I suppose all of you have 
heard talk about the cold center of a furnace. I have 
told people I would like to catch up with one of 
those cold centers. It is easy to imagine it might 
have a much colder center than we have knowledge 
of, and the old experiment of sticking a bar in the 
furnace and having the bar extremely hot at the 
tuyere and not even red on the inner end might well 
be demonstrated and might well be understood in 
view of this situation. 

Fig. 7, Sec. 15 shows a large furnace with a 25- 
foot hearth, with the same condition, showing that 
low temperature area for the entire core, or “dead 
man” in the furnace. It also illustrates the desir 
ability of high blast temperatures in that if you blow 
the furnace with 1700°, instead of 1200°, Fig. 7, Sec 
17, the temperature will go up to 3200 or 3300 degrees 
and then drop down to about 2400 degrees in the 
center, giving you better operation and also better 
quality of iron. 

Now as to auxiliary equipment. As a matter of 
fact I will have little time to talk to you about 
auxiliary equipment today because this talk is lim 
ited in time. And I don’t want to bore you. 

Fig. 8 shows a very effective baffled offtake. It 
can be made in a number of different forms. This 
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has been entirely effective in preventing large ma- 
terials passing the baffle. 

Fig. 9 shows a type of dustcatcher which we have 
been developing and is one in which we are very 
much interested. 

One night I had the pleasure of listening to a 
speech made by a navy officer on the design and 
construction of the Zeppelin “Akron,” built by Good- 
year, and he told us how the ship in passing through 
the air, having a blunt point and a sharp rear, would 
cause a minimum of disturbance of the air surround- 
ing the ship, and after it passed the air in back of 
it was without commotion. That gave me an idea, 
and I sketched a dustcatcher with the idea of getting 
the gas in the dustcatcher with a minimum of velocity 
so there would be practically no eddies in it. After 
we built one of these dustcatchers we discovered that 
it does eliminate the eddies to a remarkable extent, 
and the gases, when they get to the level of the boi 
tom of the core, are going at a very slow velocity 
and almost no commotion. Then the gases pass out 
around a skirt and to the further cleaning equipment, 
with a very large reduction in the amount of flue 
dust. As to further cleaning of gas I believe by all 
odds the best equipment today for final cleaning is 
the electrical precipitator. It has proven very satis- 
factory. 

Fig. 10 is a drawing I took out of our old files. 
This is a pipe stove. You know, in the old days 
blast furnacing was far from easy. I can well re- 
member the old blowing engines with sole-leather 
valves, and they were terrible. The old boilers had 


two flues in each drum and there was always the 
constant dread and fear on the part of the operator 
of the loss of steam pressure. He never knew just 
where he was standing. Running a blast furnace 
was a terrible job with many hazards and there were 
many’ physical dangers. The accidents per employe 
were very, very high. 

This device was one of the first means of getting 
pre-heated blast. The horizontal boxes are made of 
cast iron, and pipes of cast iron, so the air came in 
through the boxes, went up through the pipes, travel- 
ing across the stove. The gas was burned in the 
tunnel beneath and the hot gases went up through 
the holes around the pipes and heated the gas so it 
was possible to get 700 or 800 degrees F. Of course, 
it required a lot of care and attention, because if you 
got the gas burning a little too vigorously you soft- 
ened these pipes to the point where they would 
gracefully and affectionately lean over on each other. 
As.a result the stove would have to be taken off and 
new pipes put in. 

Fig. 11 shows a stove with small checkers, insu- 
lation and metal supports on the bottom. It is really 
a very efficient modern unit for heating. The check- 
ers are staggered so they can’t slip and get across 
on top of each other. The supports are positive and 
support the entire bottom area. The bottom bricks 
are supported so there is no possibility of them let 
ting down. The whole stove is a thoroughly solid, 
substantial structure. 

Fig. 12 shows the top of one of these stoves and 
the large area available in the checkers. 
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Fig. 13 shows the bottom of the stove with the 
iron columns, and you can see how the bricks are 
supported, making it impossible for the bricks to let 
down and cause the trouble that so many ot us have 
experienced with brick arches, which were the cus- 
tomary construction until recently. 

Up to the present time there has been a peculiar 
lack of really conclusive information as to the oper- 
ation and characteristics of hot blast stoves. Many 
of our people, both here and over in Europe, have 
made extensive tests of the temperatures of the brick 
work, blasts at different levels in stoves. ‘his in- 
formation has never been correlated or brought to- 
gether in a way to make it available for predetermina- 
tion of what a stove will do or what it should do. 
So, after talking to our fellows for a long time, about 
two months ago, | put it up to our Mr. Thorne. I 
wanted him to work up something in the way of 
concrete worthwhile information about a hot blast 
stove. He took all of the available information from 
various sources, and started to calculate what a stove 
should be like and what it should do. He found 
that the curve of temperatures was a parabola. My 
calculus and other higher mathematics were sketchy, 
so | put it up to Thorne. He found if you had a 
gas temperature going into the top of the checkers 
of 2300 degrees, you would have, with a compara- 
tively cold stove, a parabola, with a bottom tempera- 
ture of 243 degrees. He also figured the temperature 
of the blast, on the same basis, which started at the 
bottom at 150 degrees, depending on the pressures 
and outside air temperatures, and you would have a 
corresponding curve up to 1500 degrees. From that 
he calculated the temperature of the brick, which 
would be 200 degrees at the bottom and 1900 or 2000 
degrees at the top. That gave him an idea of the 
temperatures at the time the stove was heated up 
to a certain temperature, and also the air going 
through, with the brick and other conditions the 
same, 
In order to make this a picture of the actual stove, 
he took these three curves I have just described to 
you and put them on the side of a cube, Fig. 14. 
Then, starting with the brick at a temperature of 
1934, you follow the curve, which is also a parabola, 
until you get up to a temperature of pretty near 
2300 degrees at a time when you take the gas off the 
stove and put the air on. Then he also figured the 
curve of the brick temperatures at the end of the 
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heating period and he found he had about 480 de- 
grees temperature at the bottom of the brick. This 
is figured on the basis of 4%-inch square checker, 
and a 2-inch wall. During the period of operation 
on the blast you follow down on this curve and 
arrive at the point where we started, giving us a 
complete cycle of brick temperatures, and all of them, 
as Mr. Stubblefield has aptly said, in a box. You 
have there the temperature of the brick work from 
the bottom to the top at the beginning of the heating 
period and you have the curve of the change in tem- 
peratures at the top and at the bottom during the 
heating period up until the brick is heated to its 
maximum. And then you have the curve of the 
brick temperatures following down through the stove, 
and also the curve indicating the drop in tempera- 
ture of the brick in the bottom of the stove while 
the stove is on the furnace. 

Fig. 15 is another chart in which I have carried 
all of these curves clear around the stove and put all 
of the characteristics into the same box. You have 
the temperature of the brick as a center curve, and 





FIG. 13 


by taking any cross-section through this, you could 
determine just what the temperature of the brick is 
at any level of the stove at any period during the 
heating cycle. 

The gas temperature curve—(and, by the way, it 
is somewhat modified due to the fact this curve is a 
projection of the curve on the other plane which is 
made necessary by the fact that it takes a certain 
period for the gas to heat up the combustion cham- 
ber and the dome of the stove before you get the 
same gas temperature going into your checkers), 
represents approximately the temperature of the gas 
which starts at the top, say 2300 degrees, and comes 
out at the bottom at 242 degrees. As the stove heats 
up, the curve follows along and you have the same 
gas temperature but your gas at the bottom (still 
the 414x4%x2-inch checker) has a temperature of 
620 degrees. Then at the same time the stack tem- 
perature would start at 242 degrees and run up to 
620 degrees at the end of the heating period. Your 
brick temperature will follow around just below that 
and you will have a maximum brick temperature at 
the bottom of 480 degrees and at the top pretty 
nearly 2300 degrees. Of course, the air will start at 
150 degrees and heat to approximately 2300 degrees 
and gradually drop off in temperature until you get 
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\ Cveue : [ will appreciate your co-operation in giving us any 
re... a" é additional information in regard to stove performance 
x wool \ é that you may have so that we can further check this 
é col 3 plan of predetermining the qualities and possibilities 
; , a of a stove for a certain set of requirements. 
a %, ; \s I said before, the gas temperature curve on the 
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down to the final temperature which, in this case, is 
1500 degrees. And the temperature of the air in the o) ' 
; different levels of the stove, is shown by this curve. i ips] if 
Fig. 16 is another stove in the box, same sized ae ™ dens : | 
stove, 167,000 square feet of heating surface, 1-inch BP 
9 walls. ‘The gas starts in at 2300°, and its curve fol- i ya , 
lows around just like in the other chart. But you SEA, 
will notice that the stack temperature is 371 degrees Pe > et 
4 and the gas will be 1500 degrees temperature at the 
. end of the one hour period on the furnace. That Sa oe a 
FIG. 16. 
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EE curve because of the effect of the low temperature 
EE ot the gases coming into the top of the checkers 
1 | we ‘a when we start to heat the stove. We have stack 
” ite temperatures that normally look like the dotted line 
‘is - Pn (Fig. 18) on account of the low temperature of the 
wae” ie a gas going into the top of the checkers in the first 
SL few minutes, and also on account of the loss due to 
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, In our discussion of the stove and of the furnace 
| me | | have tried to stress the importance of getting high 
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f gives you a much more efficient operation, particular . 
ly because you have so much lower stack tempera- i 
ture. i we H re. 
Fig. 1% is the same stove, 134-inch checker, and Oe er rh 
a l-inch wall, set up for 60,000 cubic feet of air, and a> mi 
to maintain 1700 degrees temperature. We begin at me 
194°. Here you have a combustion temperature of ? 
F gas going into the top of the checkers at 2300 de- 
i grees, which is a maximum for the best combustion | 
7 of good blast furnace gas. This is a basis, I be- oamnere 
z lieve, on which we can determine in advance what saooe e? | 
stove we require for a certain set of conditions. The —— 
plan hasn’t been worked out to a point where *ve 
have as much data on its accuracy as I would like FIG. 17. 
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gas temperature. I now want to speak about some- 
thing else. If you are using high gas temperature, 
your loss of temperature from your combustion cham- 
bers to your tuyere is a very considerable item, and 
that loss is taken off the top of your temperature 
where, by all odds, is most valuable. I have seen 
records of 250 degrees loss in temperature from the 
combustion chamber to the tuyere. That is a ter- 
rific penalty to pay after you have put your tem- 
perature up to where you want it. You don’t get 
it in your furnace at that temperature. 

Fig. 19 shows you the bustle pipe. The hot blast 
pipe will be made the same way, with one inch of 
insulating cement on the outside, one and one-half 
inches of ordinary firebrick laid in high temperature 
cement. And then an insulated blow-pipe which is 
made of a high temperature steel tube liner and then 
an ordinary steel pipe on the outside the space be- 
tween being filled with insulation. There is a mini- 
mum of high temperature steel castings on the two 
ends so as to give ball and socket joints. We have 
used this insulated pipe to a very limited extent. It 
has been tested for six or eight months and found 
to be highly satisfactory for the reason that even 
with 1600 blast temperature the outside tube of that 
blow-pipe will have a temperature of not more than 
150 degrees F. It not only makes for safety in oper- 
ation but also assists in the saving of the heat losses 
which in former practice has been terrific. 

There is another factor which has been over- 
looked by a number of people. I have seen blast 
furnaces with one stove on the furnace for one hour, 
and on gas for two hours. As I showed you on 
these charts, you have the stack temperature during 
the heating period going up and up. Now, how are 
you going to put a stove on a furnace one hour and 
gas two hours and get a stack temperature that is 
moderate? But if you leave that stove on two hours 
and gas four hours, you will have a very much 
higher stack temperature, with the result that you 
will have a very serious loss in efficiency and gas 
consumption. That is one thing that I think might 
well be modified, even if it does make the stove 
tender do his job twice as often. 


A.1.&S.E&.E.—TWENTY-SEVEN YEARS OF ENGINEERING SERVICE TO THE IRON & STEEL INDUSTRY 


IRON AND STEEL ENGINEER 






With high blast temperature; as I pointed out in 
those curves, showing the temperature of the fur- 
nace from the tuyere towards the center, if we have 
a higher blast temperature we have a higher general 
distribution of heat over the entire area, and even 
the “dead man” in the middle of the furnace will be 
correspondingly hotter than it otherwise would be. 
So, by getting the higher temperature blast you in- 
crease your efficiency in operation. Of course, some 
of our friends say they have difficulty in maintain- 
ing good operation with very high blast temperatures, 
but the temperatures used have climbed up very 
materially from the time I first was familiar with 
blast furnace operation. In the early days 800 de- 
grees was a hot blast furnace, whereas today they 
run as high as 1600 degrees. Most furnaces now 
are operated at an average temperature of around 
1200 degrees. I am speaking of the average, but 
many furnaces are working around higher tempera- 
tures. I think we can work out still higher tem- 
peratures, particularly with the insulated blow-pipe. 
And at the tuyere you will have 1600 or 1700 de- 
grees. I am satisfied when you get to that point 
you will have a better and more efficient operation 
than you have at the present time. As to the factor 
that the temperatures in the top of the furnace are 
lower because of higher temperatures at the bottom, 
some people may want to question that. But I think 
it is a fact. You get better results with lower tem- 
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peratures at the top and higher temperatures at the 
bottom. 

When we were working with the Russians build- 
ing a furnace for them there was a very interesting 
little fellow who had the curious habit of keeping 
his head shaved. He was very well set up and 
mentally brilliant. After he had been here for some 
months he came in one day with the usual program 
of complaining because we weren’t making fast 
enough progress to suit him and his people in mak- 
ing the drawings and specifications. He started out 
as he did many times before with the complaint that 
they were behind with different schedules. When 
he came into the room on this particular day he said, 
“Mr. McKee, I talk myself today.” He had learned 
enough English so that he thought he could talk 
without the aid of an interpreter. As I say, he 
started in to complain because we were behind in 
making up the drawings and specifications. My 
partner, Mr. Baker, said to this little fellow, “We 
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are behind with these different schedules but the 
Russian Government owes us $102,000.00 and is still 
behind two weeks. We are behind and you also are 
behind.” He thought for a moment and then he 
said, “Ah, yes, | don’t want to talk about my be- 
hind; | want to talk about your behind.” 

I want to tell you that these things I am talking 
to you about are not my behind; they are your be- 
hind. I don’t have a blast furnace to play with, 
therefore I can’t do things with a blast furnace as 
you can. I want to suggest that you follow these 
things along and see whether I am right in my sug- 
gestions. If I am wrong, find out what is right. 
Let us make this “behind” into a “before”; let us 
get to a point where we really have improved the 
blast furnace to a point where it is as near to per- 
fection as we can get. 

I want to say a word for the Bureau of Mines 
and the work they have been doing. There is no 
doubt they have done fine work in giving us a lot 
of information we didn’t have before. Our govern- 
ment is spending lots of money for some things that 
all of us perhaps don’t approve of, but it has cut 
down on the experimentation in blast furnace work. 
This research work is important, and I think it 
might be possible, if there were concerted action on 
the part of the people in the iron and steel business, 
to get the government to at least restore the pro- 
gram so that the Bureau of Mines might go ahead 
and furnish us with more and more valuable informa- 
tion, which I know they can do. Of course, there is 
another direction in which this might be done with 
excellent advantage. 

The open hearth furnace has never been inves- 
tigated in a serious way by anybody. It hasn’t been 
checked so that people know about the open hearth 
furnace, even as much as you know about the blast 
furnace. And we need lots more information on 
blast furnace work. 

The other day I was talking with a purchasing 
agent who is a very competent and reasonable sort 
of fellow. I said something about firebrick for open 
hearth furnaces, that they might well have a much 
higher grade of firebrick if they would pay the price 
for them. He said to me, “They talk about firebrick 
at one dollar a brick!” I said to him, “All right, but 
if you could build an open hearth furnace with brick 
at one dollar a brick and make the open hearth fur- 
nace run for six or eight years, the same as a blast 
furnace will, and incidentally use your flame tempera- 
tures at the maximum you can get, rather than the 
maximum you can possibly use without melting down 
the roof and, sidewalls, you might better use the 
dollar-bricks. If you would give the firebrick com- 
panies enough money for their bricks, so they could 
have some money with which to do some research 
work and possibly have a little money with which 
to pay dividends, they might and probably would 
develop for you a firebrick for the open hearth fur- 
nace that would withstand the high temperatures.” 

I don’t see why our government couldn’t get back 
of a program like that and try and determine what 
an open hearth furnace is like, along the lines we 
have been working in connection with the blast fur- 
nace. 

I said in the first place I was going to try to be 
something of a signboard this morning, and if I am 
pointing in the wrong direction I may get my block 
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knocked off. I was asked to tell something about 
fifty years of blast furnace design and something 
about the future design of blast furnaces. I have 
stuck my ears up and made some suggestions. 

Aunt Het, a few years ago when there was such 
wild discussion about evolution, said she didn’t want 
to believe in evolution but every time she looked at 
her husband’s cousin Oscar it made her think. If 
what I have said this morning will make you think 
constructively, my time and yours will have been 
well spent. 


Discussion 


Discussion presented by 


G. R. McDermott, Vice President, Surface Combustion 
Corporation, Toledo, Ohio. 

A. G. McKee, President, Arthur G. McKee & Company, 
Cleveland, Ohio. 

J. C. Hopkins, District Sales Manager, General Refracto- 
ries Company, Cleveland, Ohio. 

B. M. Stubblefield, Supt. of Blast Furnaces and Coke 
Ovens, Youngstown Sheet & Tube Company, Youngs- 
town, Ohio. 

L. E. Riddle, General Superintendent, Carnegie Steel Com- 
pany, Isabella Furnaces, Etna, Pa. 


G. R. McDermott: Considering the auxiliary 
equipment installed in connection with blast furnaces, 
[ would like to ask Mr. McKee if an instrument giv- 
ing a record of the CO-CO, ratio or CO content of 
the gas leaving the furnace would be of assistance 
in the proper operation of the furnace. I have in 
mind such an instrument which would give an indi- 
cation and also a continuous record of this determina- 
tion. The determination would be accomplished in a 
comparatively short time, a matter of seconds. The 
instrument would depend on an electrical determina- 
tion calibrated in percent of the CO content of the 
gas and not by chemical absorption. Furthermore, 
would such a record call for a variation of the blast 
temperature to meet the situation? 

A. G. McKee: I don’t know whether a knowl- 
edge of your CO-CO, ratio would be a satisfactory 
workable ratio for varying your hot blast tempera- 
ture and give you better operation. I am going to 
ask some of my friends who are actual operators of 
blast furnaces to tell us what their opinion would be. 

B. M. Stubblefield: It so happens that we have 
had some experience at the Campbell Works of the 
Youngstown Sheet & Tube Company with an in- 
strument which took a sample of the furnace gas 
and determined the CO and CO, content of this 
sample automatically. This experience leads us to 
believe that a continuous record of the CO and CO, 
content of the furnace gases would be very valuable 
to the operators. 

Due to the fact that we tried to operate this 
machine on gas which had received only primary 
wet washing—it was a source of continuous trouble. 
Furthermore it was inaccurate. 

It is my belief that a person who develops an 
apparatus that will take continuous samples of the 
top gas and perform an analysis upon them—with a 
fair degree of accuracy—will have made a real con- 
tribution to the industry. 
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Hiave any others had any experience along this 
line? 

J.C. Hopkins: We experimented considerably along 
that line in the early days by making frequent gas 
analysis, but the interval of time between taking the 
sample and getting the analysis was so great that the 
information was only of a general nature. Under 
these conditions it was impossible for the operator to 
correlate CO CO, ratios with blast temperatures, 
burden ratios and furnace conditions and take im- 
mediate corrective measures. 

Blast furnace conditions change so rapidly that 
it is imperative to know immediately of any change. 
later we tried various continuous recording instru- 
ments but as a rule these were not dependable. 

Without a doubt, the CO CO, ratio is fundamen- 
tal in blast furnace operation. If the operator had a 
continuous recording instrument showing this ratio, 
it seems to me, it would be very helpful. Blast tem- 
perature, wind volume and burden ratios could then 
be better correlated, which could make for better 
furnace operation. 

After all, one of the important factors which has 
made modern blast furnace practice possible is the 
various instuments to record continuously and accur- 
ately, temperatures, pressures, wind volumes, etc., 
and the prompt and proper interpretation of these 
data. The instrument which Mr. McDermott pro- 
poses is a further and valuable step in this direction. 

L. E. Riddle: On the CO-CQO, ratios, I never 
could see what a continuous record would do for 
you. | would not know what to do with it. I would 
like to have the ratio of CO to CO, occasionally to 
tell me whether the ratio of ore to coke is correct, 
but as to the CO-CO, ratio allowing me to make 
changes quickly, | see no advantage in it. 

I took some notes as Mr. McKee made his talk, 
and I took notes for two reasons: I did not want a 
lot of good things that my friend, Mr. McKee, said 
to go over my head. I put them down in the dark. 

Mr. McKee started out by saying that he wanted 
us to think. I am one of his old-time friends, and 
| am also one of the old furnace-men. I am so old 
that | worked on a furnace like that one he showed 
on the screen, hand-filled, single bell. I am _ old 
enough too that | can still think and comment about 
the old belief concerning the “dead man” or inactive 
part of a blast furnace. I am old enough to think 
that some of those things do not work that way. 
| used to get “heck” for making buckshot in the 
early days, and it was up to the fellow out on the 
furnace to prevent buckshot. I think old furnace- 
men knew what they were talking about when they 
stated that buckshot came from the cold center, that 
they could get a more active center, improve the iron 
and eliminate buckshot, by changing penetration. 

In regard to increasing the number of tuyeres 
from the common practice of ten and twelve, some 
of us have worked on furnaces of a given diameter 
where we had ten tuyeres; with the same diameter 
we have used twelve tuyeres, and again as many as 
sixteen tuyeres. We have gone from sixteen back 
to ten. We got better results with the smaller num- 
ber and do not believe that the space in between the 
tuyeres is entirely inactive. We know there is coke 
in the center and coke in the hearth. If it were not 
there we would not get the results we do—coke at 
the tapping hole and see nothing but coke before 
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the tuyeres when a furnace is working properly. | 
think there is less entirely inactive portion in the 
furnace, which brings about the question of a large 
number of tuyeres as shown in some of Mr. McKee’s 
designs, because when you take a furnace out you 
can see in between the tuyeres that there has been a 
great deal of action and erosion. 

I believe it is not necessary to get the tuyeres 
quite as close together as Mr. McKee shows in some 
of his proposed designs, but we do have to get 
enough wind to take care of a given area. He has 
showed us many good things, and he is_ to be com- 
plimented on the things he brought out. It is diffi- 
cult to cover a big subject such as blast furnace 
development in an hour or two. Everybody knows 
that we would like to bring about economy and effi- 
ciency in production. Arthur McKee is one of the 
foremost men in assisting to accomplish this, and if 
we cannot get the money for the purpose of con- 
tinuing research work and new construction, we will 
keep going ahead the best we can and think about 
these things. He has told us a number of things 
this morning that will be very helpful . He told us 
about the necessity for proper combustion in stoves, 
and there is a lot of food for thought there. He said 
that years ago when he was about the furnaces, he 
could not use high heat, and I think he had real 
reasons for saying that. He had flat boshes, he had 
fine ores, at times poor coke, and when he tried to 
use high heat the furnaces would hang. I think most 
of us would like to have higher blast temperature. 
When engineers design our checker area to get the 
maximum benefit of our burnt gases, and show us 
how to get maximum heat, it will be a great help. 
[I was interested in what he said about modern gas 
cleaning—progress in electrical precipitation, but | 
have been more interested in how to keep this dust 
out of the gas leaving the furnace. 

[ am glad that Arthur said a number of times 
today that he believed thoroughly in the top of the 
furnace being enlarged, as large possibly as the hearth 
area. I have been thinking about it for a good many 
years and have experimented along that line. 

I am going to speak of Arthur’s “behind”, as the 
Russian did, because Arthur is behind a little when 
he mentioned that he would not go above a 19’6” 
stock line on the 25’ and 28’ hearth furnaces proposed 
and shown today. I[ think on a modern large furnace 
it should be anywhere from 20 feet up to 28 feet. 
From my studies I can see no reason why a furnace 
should not have a minimum stock line of 25 feet, if 
the hearth is 25 feet, and a 28-foot hearth could easily 
be filled without having the trouble that many are 
afraid of—that bugaboo of distribution if you had a 
25-foot stock line. In my opinion, this cannot be 
done with a single large bell. We spent over $10,000 
at Duquesne in 1929 and 1930 in experiments on the 
top of a furnace out of blast. We experimented with 
two small bells and a distributor, eliminating a large 
bell entirely. I believe we can go to a 25-foot stock 
line with this Anderson-Miller type of distributor and 
bells, have a distribution which will be perfect, and 
obtain a V, inverted W or W filling as desired. 
When I speak of large tops of 19-foot or over, I 
mean where the ratio of top area has been kept equal 
or nearly equal to the hearth area. 

In 1928 we built a furnace at Duquesne with 20'6” 
hearth and 19’ stock line, 14” bell; another with 19’ 
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hearth, 19’ stock line and 13’ bell. Since 1929 have 
operated another furnace with 19’ hearth, 20’8” stock 
line and have used both 13’ and 14’6” bells on this. 
Recently I heard a furnace-man speak about his 
furnace with a 19 top not making a low flue dust 
record, that he could not get the results some others 
had with 19 tops. Of course he did not because 
with his 25’ hearth, his 19’ stock line was not large 
enough, having an area ratio ot only .58 to 1 hearth. 
Another man has condemned big tops because of his 
inability to get proper distribution. He has never 
had larger than an 18’ top with a much larger hearth 
diameter, and again his large bell was in my opinion 
too small. I believe one of the things we must 
realize is not to think of a 19 or 20’ stock line as 
being a “big top”, if the hearth diameter is much 
larger. I would keep if possible stock line to hearth 
diameter in ratio of at least 1 to 1 if possible. Large 
diameter stock lines are not a cure-all for eliminating 
dust entirely, because after all there are so many 
other things that depend upon Superintendence. 
Stock line diameter is not a cure-all for dust 
reduction, but with one of ample size in relation to 
its hearth diameter when compared to one of small 
improper sized top with a large hearth, it gives an 
advantage much like the runner who has light spiked 
shoes over a competitor with heavy smooth soled 


shoes. 
I was interested in that part of Mr. McKee’s talk 
having to do with the insulation of blow pipes. <A 


lot of us have taken care of the insulation of hot 
mains and bustle pipes but we did not eliminate the 
heavy loss between these and the tuyeres. Mr. Mc- 
Kee with his insulated blow-pipe has surely made a 
step in the right direction, and his insulated blow- 
pipe looks practical. 

All of this talk has been very interesting, and I 
know the importance of it will grow as we study 
over it. I hope we can carry out these improvements 
necessary to economy and efficiency. I agree with 
him that when we make changes and install new 
equipment, that we not only prove its worth and 
correctness, but make further study and improve 
upon the design. There is much to know. 

B. M. Stubblefield: There is one point in Mr. 
McKee’s discussion that I would like to hear an ex- 
pression of thought on. You will remember he told 
you he thought we should reduce the hearth diameter 
from 28 feet to 20’6”—yet continue to produce 1000 
tons of iron per day. 

I would like to have the blast furnace operators 
say what they think about casting such a furnace. 
Is it possible to hold the quantities of iron that such 
a production rate would require in a 20-foot hearth 
furnace without serious trouble with “breakouts”? 

A. G. McKee: Don’t forget that Frazer first made 
one thousand tons on a 20-foot hearth. 

L. E. Riddle: We have not yet learned how to 
keep a tapping hole open and iron running from it 
continuously. A design was shown suggesting that 
we might double the number of tuyeres and make 
as much iron on a 20-foot hearth as can be made on 
a 23, 25, or 28-foot hearth. I do not believe this. 
It is my opinion that if we blow enough air per sq 
ft. of hearth area, we will get the tonnage for it, and 
will get a proportionate increase in tonnage when 
the larger furnace is properly blown for size. We 
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should get 2 to 2.2 tons of iron per sq. ft. of hearth 
area when we want it, and to obtain it have to blow 
approximately 170 cu. ft. of air per sq. ft. of hearth 
area, per minute, to get it. At this rate the 20-foot 
furnace will produce about 690 tons and the 25-foot 
furnace 1075 tons per day. 


A Member: | am interested in the cold core in 


the center of the furnace. Is that not a matter of 
air penetration? What relation does the cold core 
have to the tonnage of the furnace? If we get a 


complete penetration we get an entire combustion 
throughout the bosh of our furnace. If we get our 
tuyeres off just a little bit we burn a hole in the 
side of the furnace, which very often happens. I 
wonder if the cold core in the center of the furnace 
isn’t largely a matter of operation rather than an 
engineering matter. 

In regard to the top of the furnace in relation to 
the sides of the bosh, I believe the furnace should 
be somewhat smaller at the top because as your 
stock comes down it increases in temperature, and 
if it increases in temperature it expands to a certain 
extent, and with the air passing through the stock 
it is liable to clog the stock. Where we have hang- 
ing or slipping we have that by reason of the fact 
our lines are too straight. I feel, as the stock comes 
down, if it has room to expand we will get better 
operation. 

[ wondered if your cold core isn’t a matter of 
operation rather than engineering. 


A. G. McKee: I| think it has been very fully 
demonstrated that your oxygen, or your blast, in no 
‘ase gets more than 24 inches from the nose of the 
tuyere. Possibly 30 inches. And your carbon dioxide 
is all reduced to carbon monoxide at a maximum of 
10 to 44 inches from the nose of the tuyere. That 
is contrary to the belief that we have had all of our 
lives, and the Bureau of Mines have completely 
demonstrated it to be a fact, no matter how hard 
you blow the furnace, no matter how much air you 
put in between the tuyere, you do not exceed those 
dimensions. It has not only been proven by the 
Bureau of Mines but also by investigations made in 
Germany which are quite complete and conclusive. 
That being the case, I don’t think there is much 
question but what you do actually have a colder core 
in the center. If the facts as given to us by the 
Bureau of Mines are established, and are actually 
facts, then you can’t blow air clear into the center 
of a furnace, particularly if it is a big furnace. And 
there is no doubt but what the central part of the 
furnace is inactive in that the blast doesn’t keep it 
stirred up as it does the coke immediately in front 
of the tuyeres. I think it is contrary to the beliefs 
many of us have had in years past. 

As for the top diameter and slope of the furnace, 
I think Mr. Riddle will bear me out in my state 
ment that with modern operating conditions you can 
operate a furnace with entirely successful results if 
your batter is much less than has been the case in 
many furnaces where the batter has been 1™%-inch, or 
thereabouts. I think that is a fact, and if we can 
get any advantage from having a large top and less 
batter, especially with large diameters, I don’t see 
any reason why we shouldn’t go to the large diam 
eters. 
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The work of the iron and steel industry not only 
has been greatly affected by the rapid growth of 
welding, but in many cases the industry has _ pio- 
neered these developments which have so entirely 
altered many forms of fabrication in the last few 
years. It is only natural to expect that a somewhat 
parallel development will follow in the aluminum 
industry as the use grows for these relatively new 
alloys for transportation, structural and many other 
applications. 

It is only fairly recently that the complexities 
of special alloy steels have altered the steel indus- 
try’s picture from a welding standpoint. In the 
aluminum alloys, however, this condition always has 
existed because much of the aluminum used depends 
on the properties obtained through alloying and heat 
treatment. 

Since the average person who has not been asso- 
ciated with the use of aluminum to any great extent 
thinks of aluminum as merely “aluminum,” it might 
be well to mention briefly the characteristics of a 
few of these typical alloys, as the entire design of a 
structure involving welding must be based on a 
knowledge of the effect of this welding on the alloys 
employed. 

The aluminum alloys may be divided into two 
general groups. The first group, and the one which 
constitutes the bulk of the non-structural or semi- 
structural applications, consists of a number of al- 
loys termed “common” alloys. These alloys receive 
their properties from the alloying constituents and 
cold work, no heat treatment being involved. 

Commercially pure annealed aluminum of about 
99.0% purity has tensile and yield strengths of 13,000 
Ibs. per square inch and 4000 Ibs. per square inch, 
respectively, whereas one of the common alloys, 52S, 
in the full hard condition (this being indicated by 
adding the suffix “H” to the designation 52S) has 
tensile and yield strengths of 41,000 lbs. per square 
inch and 35,000 Ibs. per square inch, respectively. 
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In the order of their physical properties this 
group of alloys consists of 25, 3S, 4S and 52S. 

It will not be the purpose of this paper to go into 
a full discussion of the other properties, such as 
elongation, corrosion resistance, and many other 
properties, as all of this information is available. 

The second group of alloys is known as “strong”’ 
alloys, and in every case are heat treatable. The 
various properties are a result of the alloying con- 
stituents and heat treatment, and in some cases addi- 
tional cold work is used to raise the yield point. 

In general, each relatively well known alloy of 
this group has specific properties which permit it to 
be the most satisfactory for the job in question. 
The strengths in most cases are well above those of 
the common alloys, one of the strongest of the com- 
mercial alloys of this group being 24ST, having typi- 
cal tensile and yield strengths of 65,000 Ibs. per 
square inch and 43,000 lbs. per square inch, respec- 
tively. 

The heat treatment of all of these alloys consists 
of two stages. The first is the quenching in water 
(or in some cases air) after the alloy has been main- 
tained at a definite high temperature for a period of 
time. This quenching does not immediately give 
the alloy the full eventual high properties, as a fur- 
ther treatment known as “aging” must be permitted 
or employed. With some of these alloys this aging 
automatically occurs at room temperature, the max- 
imum strength being reached in three or four days. 
With certain of the other alloys the process is car- 
ried out by maintaining the alloy at a temperature 
of several hundred degrees for a number of hours. 

Duralumin (17ST) probably is the best known 
of the strong alloys and has been the basis of air- 
craft construction practically since the industry has 
extensively used metal. A later alloy, 24ST, has the 
same general characteristics, but is stronger than 
17ST, and is superseding it in many cases. Other 
high strength alloys include 27ST, which is used 
extensively for heavy structural work, and 53ST 
which has relatively good properties and is particu- 
larly suitable where severe corrosion conditions ex- 
ist. 

The above discussion may seem somewhat far 
removed from the discussion of welding, but in real- 
ity it is so closely allied that it is almost impossible 
to make general statements with respect to the 
“weldability”, strengths expected in the welds, duc- 
tility of welds, and other properties. It is particu- 
larly important that the designer employing welding 
uses it in such a way that the value of the high 
strength alloys is not decreased so far as the result- 
ant structure is concerned. 

All aluminum welding, regardless of the alloy, 
must be done with the metal in the molten condi 
tion. Practically speaking, the art of hammer weld- 
ing at a forging temperature has not been developed. 
It is quite obvious, therefore, that the problems in 
connection with welding aluminum are radically dif- 
ferent than with steel, as a molten alloy possesses 
no mechanical properties, and the welding method 
must satisfactorily take care of this fact. 

Torch welding has been used with the aluminum 
alloys nearly since the birth of the industry. It is 
very extensively used at present, and possesses cer- 
tain definite advantages for many types of work. A 
properly made torch weld has reasonably good duc- 
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FIG. |—Metallic arc butt weld between two 27 ST plates 
2” thick. 


tility, depending on the alloy, practically entire free 
dom from porosity, and in the hands of a compe- 


tent operator is a relatively fast operation for some 


types of work. With certain of the alloys or in 


cases where distortion is an important factor, the 


fact that torch welding heats a relatively large vol 


ume of metal makes it less satisfactory than some 


of the more recently developed methods. 
This paper will not be concerned with torch weld 
ing, but will cover. to some extent the more recently 


developed are and resistance welding, as the use of 


these methods is increasing quite rapidly. 


Arc Welding 


Manual! metallic arc welding has been quite com 
monly employed for the last few years with the 
aluminum alloys. This is largely because no special 
equipment other than that used for welding steel 
normally is required. Practically all of the alloys 
may be welded satisfactorily in this manner, and 
since the heating is relatively local the annealed 
zone is much narrower than when torch welding is 
employed. The welds are apt to have a certain 
amount of porosity, but in many applications this 1s 
not a serious handicap to its use. The method is 
more rapid than torch welding, and a few weeks of 
experience by any competent arc welder will result 
in a very satisfactory weld. 

The rods employed are usually an alloy consisting 
of commercially pure aluminum and 5% silicon. This 
combination flows better than pure aluminum alone, 
has satisfactory strengths for most purposes, and 
makes unnecessary the use of special alloy rods for 
most applications. The rods are coated with a flux. 
this being necessary in all types of fusion welding of 
the aluminum alloys. 

The operation is carried on in a manner quite 
similar to that used for steel. For a butt weld be- 
tween two plates up to 3%” thick, no edge prepara- 
tion or veeing is used, complete penetration being 
obtained with one bead. It is necessary to employ 
a backup strip of copper or steel as, otherwise, if 
complete penetration is obtained the molten metal 
will merely fall through. 

For heavier gages the edges are vee-ed with about 
a 60° included angle to within about 14” of the bot- 
tom. Several beads may be employed, and usually 
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the material is turned over and a final single bead 
done from the back. When each bead is completed 
the flux must be mechanically removed to prevent 
inclusions in the final weld. 

Figure 1 shows a micrograph of a manual metal 
lic are weld between two 2” plates of alloy 27ST 
The edges in this case were vee-ed to within about 
1,” of the bottom and six beads were employed for 
the main portion of the weld, one bead being made 
from the back. An ordinary 400 ampere are welding 
machine was employed using a 3” rod, the current 
being 550 to 600 amperes. 

Since alloy 27ST receives its properties from heat 
treatment, 1t is evident that the strength of this 
weld is less than that of the parent metal. This 
might easily prevent the use of a weld of this na 
ture for certain applications, but in this particular 
case the designer so employed his welding that the 
value of the high strength alloy was not reduced in 
so far as the completed structure was concerned. 

Metallic arc welding is also employed, as_ with 
steel, for all types of mechanical joints, it being used 
for fillet welds, the same as is done with steel. In 
many cases the heat from the weld does not pene 
trate far enough into the structural member so as 
to substantizily reduce the properties of the mem- 
ber. 

\ll of the above refers to the use of a standard, 
direct current, welding motor generator set. For 





FIG. 2—Transverse section of a seam weld between two 
sheets of strong aluminum alloy, thickness .051”. 


thin sheet, such as %”, an AC welder employing 
high frequency to maintain the are is somewhat 
preferable as it is very difficult to maintain the DC 
arc at extremely low currents. 

The manual carbon are weld also is quite suit 
able for the lighter gages of material, the carbon 
being controlled with one hand, the flux coated rod 
being fed with the other. These welds are remark 
ably fee from porosity, but require greater skili and 
are not as conveniently applicable to a great many 
jobs as is the metallic arc. 

Quite a thorough study is being made of the 
automatic DC carbon arc emploving an AC magnetic 
‘e'd. This provides the finest fusion welds which we 
have encountered, they being free from porosity and 
of good ductility; and its use is expected to grow in 
favor for certain production work where an auto 
matic equipment may be used. Obviously, there are 
i great many types of work which must be done 
it tl small 


ore 


manually, but the specific case of large and 
tanks represents one field which we would expect to 
extensively employ this process. 

The actual structure and properties of the weld 
are practically identical with those of a first-class 
torch weld, but the annealed zone is much narrower, 
and the almost complete freedom from distortion 
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eliminates in many cases the necessity of consider- 
ing this problem. 

Excellent fusion welds have been made with the 
atomic hydrogen method, both automatic and man- 
ual, the weld characteristics being very similar to 
those obtained from the automatic carbon arc. 

\ll of these arc welding methods are applicable 
to nearly all of the alloys, the mechanical properties 
resulting being largely dependent on the alloy em- 
ployed. Various combinations of filler rod are em- 
ployed, although in most cases either 2S (commer- 
cial aluminum) or the 5% silicon rod may be used. 


Spot Welding 

As mentioned in connection with arc welding, any 
commercially welded aluminum requires that the 
metal be molten at the point of weld. Spot welding 
is no exception, and the equipment and methods em- 
ployed must be based on this consideration. 

In order that such a condition obtains it is evi- 
dent that an extremely high thermal gradient must 
exist from the point of fusion to the external sheet 
surfaces. If this molten zone of metal is permitted 
to extend to the outer surface, or very close to it, 
all mechanical properties are lost, and the electrodes 
will merely crush through the molten zone. The 
equipment must be of such a type as to permit a 
maximum of a few hundred degrees temperature at 
the outside sheet surfaces and still provide a melting 





FIG. 3—Longitudinal section through the same weld shown 
in Fig. 2. 


temperature between the sheets. This means that 
possibly a thousand degrees or so thermal gradient 
must exist across the thickness of a sheet. 

A suitable spot welding equipment for all of the 
aluminum alloys should involve the following fea- 
tures: 

1. A_ sufficient welding ampere output for the 

gage of material being welded. 

2. A moving electrode assembly of low inertia. 

3. <A suitable electrode design. 

!. Precision synchronous timing of power appli- 

cation. 

The first feature is purely an electrical design 
problem and demands that the transformer specifica- 
tions and circuit design, as well as power supply, be 
such that the desired amperage is availabie. These 
values range from about 14,000 amperes to weld two 
.020” sheets together, to about 35,000 to 38,000 am- 
peres to weld two 1%” sheets together. These fig- 
ures are merely approximate, as surface conditions, 
alloy, and other considerations may vary them ap- 
preciably. 

Relatively high electrode pressures are employed 
with the aluminum alloys, depending on the thick- 
ness and hardness. The hammer blow resulting from 
a moving electrode assembly of relatively high iner- 
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FIG. 4—Special spot welder for aluminum alloys, maximum 
welding amperes 35,000 equipped with 700 KVA Thyratron 
control shown at left. 


tia is detrimental as it Brinnells the surfaces of the 
sheets being welded. 

The third consideration, proper electrode design, 
is a relatively simple problem and has resulted from 
development work with many types of electrodes. 
The most satisfactory one which we have employed 
has a contacting contour consisting of a 7° cone, that 
is, the included angle is 166°. Two of these conical 
electrodes normally are employed, although practi- 
cally equally good results may be obtained if one 
flat and one conical electrode are used. The latter 
combination is quite often demanded in order to elim- 
inate the indentation on one of the sheet surfaces 
which the conical electrode wil! leave. 

The last feature, precise electrical timing, is abso- 
lutely essential for consistent results in the thinner 
gages of the strong allovs, and is desirable for all 
aluminum alloy spot welding. The use of the elec- 
tronic timing equipment, which handles directly the 
primary welder current through mercury tubes, gives 
an ideal solution for this particular problem. No 
mechanical switch—synchronous or otherwise—can 
any more than approach the results which this type 
of equipment will give. 

A proper spot weld will have the molten spheroid 
extend about one-half to two-thirds of the way to- 
ward the outer surfaces of the sheet. For .020” 
sheets a timing of one cycle (on 60 cycles) gives 
this condition. The problems involved in attempting 
to control several hundred KVA this accurately by 
mechanical means are evident. te 

The variables which enter into the making of a 
spot weld are: 

(a) Electrode pressure. 

(b) Electrode contour. 

(c) Surface condition of sheet. 

(d) Time of power application. 

(e) Amperes. 

The only one of the above variables which are 
not directly externally controllable is with respect 
to variations in the surface condition of the sheet. 
With a given group of material, fabricated in the 
same manner, this surface resistance will be re- 
markably constant. In addition, a slight compensat- 
ing effect is produced from the electrode design. The 
use of the conical contour means that as the molten 
spheroid increases in size the current density will be 
decreased as the area of the electrode contacting the 
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sheet increases. This provides a measure of inherent 


stability and improves the strength consistency of 


successive spot welds as compared with other types 
of electrodes. 

Similarly, a few per cent change in line voltag< 
does not greatly affect the consistency of results, 
and with this proper type of equipment the process 
is by no means critical. 

With practically all of the common alloys the 
material is spot welded without external cleaning or 
other treatment. With nearly all of the heat treated 
alloys it is necessary to remove a high resistance 
film by sandpapering, where the electrodes contact 
the sheet. 

It is sometimes advisable to sandpaper one of the 
inside surfaces in order to avoid an explosive effect 
which occurs when this surface resistance between 
sheets is too high. 

Alclad is a duplex metal consisting of a 5% thick- 
ness of pure aluminum on the outside surfaces of a 
high strength alloy. The difference in electrochemi- 
cal potential between the alloy and the pure alumi- 
num permits the latter to electrolytically protect the 
high strength alloy so this material is quite exten 
sively used where corrosion conditions are severe. 

Because of the pure aluminum exterior, no sur 
face cleaning or other preparation is necessary with 


Alclad. 


Seam Welding 

Seam welding is merely a special adaptation of 
spot welding. A continuous gas-tight weld between 
two sheets can be made with a spot welder by mak- 
ing the spot centers close enough together so that 
they overlap. This is, of course, a very slow process, 
whereas the same result can be obtained at a rela- 
tively high production speed by means of a seam 
welder. 

Any seam welder suitable for steel may be used 
for aluminum provided the current output is suffi- 
cient and if it is provided with synchronous inter 
mittent control. This latter feature is all-important 
and again the electronic control available fulfills all 
requirements. 

If no intermittent power supply is used, and in 
stead straight AC is applied, the effect is the same 
as though a too long time is used when spot weld- 
ing. If sufficient current is applied to cause any 
melting, the thermal gradient existing from the in- 
side sheet surfaces to the outer is so low that the 
entire volume of metal between the wheels will be 
melted. If, however, power is applied intermittently 
for a relatively small percentage of the time, a con- 
tinuous seam weld consisting of overlapping spots 
will be formed, with the molten spheroid extending 
only one-half to two-thirds of the way toward the 
outer surfaces, which have remained relatively cool 
during the operation. 

A general rule is to keep the “on” period 
less of the total time. For instance, one setting 


25% ol 


which is used with certain gages of material is one 
cycle on and three off, although this “on” percentage 
has been reduced to half of this value in some cases 
by using one cycle on and seven off. 

The speed of operation is governed by these cycle 
settings and the desired number of impulses per inch 
of weld. For instance, for .064” material we normal 
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FIG. 5—Special seam welder for aluminum alloys, maximum 
welding amperes 50,000 equipped with Ignitron control 
shown on right. 


ly would have ten to twelve spots per inch, and a 
very satisfactory control setting which has been 
used for this gage material is two cycles on and 
seven cycles off. 

The name “seam welder” normally implies that 
this equipment is used for making gas-tight or liquid 
tight vessels, and this is probably its largest field. 
No trouble whatever is experienced in making such 
welds for pressure-tight vessels in production. 

There are a great many spot welding operations 
which can be performed much more easily with a 
seam welder. In the case of the strong alloys, for 
instance, if it is desired to run a good many feet of 
spots spaced quite closely, this may be done on the 
seam welder by adjusting the “off” period long enough 
to provide the desired center-to-center spot spacing. 
The extreme flexibility of the electronic type of con 
trol permits changes in these adjustments to be made 
as desired. . 

The electrode wheels follow the general design 
used for spot welding. One of them may have a 
Hat or slightly rounded surface and the other one 
made with a “V” contour of seven degrees. 


Butt Welding 


The work of butt welding has not been carried 
as far as has been done with other methods and its 
held is somewhat more limited. A butt weld made 
by any method obviously means that the strength 
of the entire welded section has been reduced as 
compared with the parent metal. The architectural 
held, as well as some others, offers quite a number 
of possibilities for resistance butt welding. 

The conventional method of flash welding as used 
with steel has not been uniformly successful with 
aluminum, although more work remains to be done 
in this direction. The straight resistance method, 
however, has given excellent results in cases where 
the sections to be welded are not extremely thin or 
complicated. 

The general method consists of applying pressure 
by means of an hydraulic or air cylinder, and main 
taining it during the operation. Power is applied, 
and the cutting off of power is governed by pushup, 
a small control switch being arranged to open the 
main contactor when a preset fraction of an inch 
travel has occurred. Synchronous electronic timing 
is not necessary. 
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One experimental section, for instance, with an 
area of 3% sq. in. of duralumin, was excellently 
butt welded using 6000 tbs. pressure and 90,000 am- 
peres, the time required being about 5 seconds. The 
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weld was made before the material was heat treated, 
and after being heat treated the weld strength aver- 
aged about 45,000 Ibs. per sq. in., while that of the 
parent metal was about 60,000 Ibs. 


A Statement For 1935 


By F. A. MERRICK, 
President, Westinghouse Electric & Manufac- 
turing Company 


The year 1934 closes as another in which the 
spring and early summer improvement in most lines 
of business was followed by the late summer and 
fall decline in those indices which gauge the stand- 
ing of industrial activity. 

Notwithstanding these recent declines, the fact 
remains that the year as a whole will show improved 
returns as compared with 1933. With the many 
complexities of existing circumstances as to both 
governmental and business problems, it is too much 
to expect that the progress toward recovery will be 
in one unbroken line of steady improvement. 

The recently evidenced willingness of Government 
and business to consolidate their common desire and 
activities for the promotion of recovery on a realistic 
basis, is the most favorable augury for progress to 
that end in the year 1935. 

The electrical manufacturing industry has shared 
in the gains of the past year, but is still operating 
at a rate little better than half of what could be 
called normal. During 1935 further improvement is 
expected. 

Merchandising lines should feel the stimulus given 
to the major appliance items by the continuing suc- 
cessful efforts of the power companies to extend 
their services in these respects. Department stores 
and other electrical merchandising outlets are taking 
an increasing interest in their distributing of electrical 


appliances. The manufacturers have continually im- 


proved and extended their lines of appliances for 
household uses. 

All these efforts have worked together throughout 
the years of depression so that now the generating 
stations need only a reasonable improvement in the 
industrial (particularly the heavy industrial) load to 
find themselves entering the market for the exten- 
sions which have been so notably absent in recent 
years. 

In the meantime, recent improvements in distri- 
bution apparatus have been so favorably received 
that increased sales should be realized in 1935 for 
this important line of apparatus. 

Diesel Electric propulsion equipments in 1934 
earned prestige as a factor in certain phases of trans- 
portation modernization, and operating cost reduc- 
tion. There should be an increase in Diesel Electric 
application in the coming year. 

There is well founded expectation that some in- 
crease in the demand for electrical apparatus will 
accrue from naval and other Government building 
programs. 

With all the improvements in prospect it is yet 
unreasonable to expect that 1935 will fully bridge 
the gap between depression and recovery; but there 
is substantial reason for the belief that the ground- 
work is being laid for a progressive return to pros- 
perous times. 


Steel Employment and Payrolls Rise In November 


Employment and payrolls of the steel industry in 
November showed increases over the preceding 
month, according to a report released by the Ameri- 
can Iron and Steel Institute. 

The industry employed 381,663 in November, the 
report showed, compared with 381,431 in October. 
In November, 1933, 399,569 were employed. 

November payrolls totalled $32,937,099, as against 
$32,723,909 in October and $32,671,986 in November 
a year ago. 

Average number of hours worked per week by 
employees and average earnings per hour in Novem- 
ber were correspondingly greater than in the month 
before, according to the Institute’s report. 


Employees averaged 27.6 hours per week during 
November, contrasted with October’s average week 
of 26.8 hours. Average earnings rose from 72.3 cents 
per hour in October to 72.9 cents in November. A 
year ago employees working an average of 29.0 hours 
per week earned an average of 65.9 cents per hour. 

‘The following table compares employment records 
of November and October 1934, with November 1933: 

Nov. 1934 Oct. 1934 Nov. 1933 


Employees 381,663 381,431 399,569 
Payrolls $32,937,099 $32,723,909 $32,671,985 
Hrs. per Week per Employee 27.6 26.8 29.0 

Av. Earning per Hour 72.9¢ 72.3¢ 65.9c 
Operating Rate 27.76 24.59 26.92 
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Transportation 


By G. N. HARMON, 
Chairman, A. |. & S. E. E. Transportation Com- 
mittee, and Electrical Supt., Republic Steel 
Corp., Warren District, Warren, Ohio. 


When one thinks of the problems involved 
throughout the steel mills, the first thought is of the 
design, installation, operation, and maintenance of 
the mill, itself. No doubt, this is, and should be, the 
most important consideration to be given, for, after 
all, the production of steel is the prime object. There 
are, however, several other phases of plant engineer- 
ing incidental to its operation, which, in the end, are 
of almost equal importance. One of these is express- 
ed by the word “transportation”, which, in its sim- 
plest definition, means “to carry”. A more exact 
definition for our purpose would be “to economically 
carry from one place to another”. The importance 
of this subject may be realized if we pause for a 
moment and call to memory the vast amount of 
equipment within our steel mills, whose sole object 
is for the purpose of carrying from one point to 
another, and, to do this in the most economical man- 
ner, is the engineer’s problem. 

The various instruments of transportation required 
for handling the materials from the raw state to a 
finished product are as follows: 


Raw Materials 


Standard Gage Cars, Tanks, Etc. 

Narrow Gage Cars. 

Overhead Electric Cranes. 

Gantry Type Cranes. 

Electric Lines and Conduits. 

Motor Trucks. 

Ore Bridges. 

Transfer Cars of all Types. 

Belt Conveyors. 

Elevators. 

Pipe Lines for handling Air, Water, Gas, Steam, 
and various Products or By-Preducts. 


Finished and Semi-Finished Materials 


\ll of the above, and in addition: 

Locomotive Cranes. 

Open Top Ladles of various types. 

Mixer Cars. 

Roller Tables. 

Mono-Rails. 

Hand Trucks. 

Pushers. 

Conveyors. 

Electric Trucks and Tractors. 

Engine-driven Tractors. 

Electric Hoists. 

This list is by no means complete, as there may 
be a number of agencies unfamiliar to the writer, but 
represents those of an average steel mill. There are 
often incidents that offer specialized cases, which are 
beyond the scope of this discussion. 

Any one of the above items covers a fairly large 
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field, itself. I believe every one realizes the magni 
tude of the subject of overhead traveling cranes; al 
most every single application being a special problem 
of its own. ‘The subject of electric trucks and trac 
tors, also, is another large field and truly a problem 
in the modern plant. 

The successful operation of a steel mill can be 
easily affected by the interruption of the flow of ma- 
terials through the plant. To this end, the engineer 
is confronted with the problem of design, installa 
tion, operation, and maintenance of instruments ol 
transportation “to economically carry from one place 
to another”. 

Of these problems, design seems to stand out as 
the most prominent. by design, we do not mean 
altogether the mechanical design of the machine or 
equipment under consideration, but, also. the choice 
of the correct type for the application. A great deal 
can be accomplished by a correct choice of equip- 
ment with a layout most suitable to perform the 
task at hand. We feel that great stress should be 
placed on these two points, for, in their fulfillment, 
lies the secret of successful operation and economical 
maintenance. A machine poorly designed or erron 
eously applied will cause endless trouble, not only to 
the operation, but to its upkeep cost as well 

After a piece of equipment is properly designed 
and laid out, the installation is greatly simplified. 
This point, we feel should be done thoroughly, ac 
curately, and neatly. When we say thoroughly and 
accurately, no further elaboration is necessary, as 
this is a self-evident fact. Nothing is more impres- 
sive than to go into a plant and see equipment neatly 
installed. Being neatly installed, will require no ad- 
ditional cost, but will be beneficial to the company. 
Neat installations will be, more or less, void of dan- 
gerous conditions, an aspect which is coming more 
into consideration every day in our continued efforts 
to reduce accidents to a minimum. 

It is often the case that the operations of the 
various transportation machines do not come under 
the supervision of either the plant engineer or the 
maintenance departments; however, this does not 
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mean that the probiems that arise, due to operating 
conditions of this equipment, should not be fully 
considered by them when contemplated changes are 
made or new ones installed. Frequently, we find in 
plants, the maintenance departments do have charge 
of the operation. Examples of this are the crane 
operators, and, in some cases, tractor operators, and 
to those who have had this responsibility, nothing 
need be said relative to the fact that it is indeed a 
problem. 

The last major problem of transportation is that 
of maintenance. While it is the last to present it 
self, it is by no means the least. To the mainte 
nance men, our estimate is that a large portion of 
the work of that department is devoted to some type 
of transportation equipment. Many of the difficul 
ties of keeping machinery in operating condition can 
be avoided by proper selection of type, size, and ca- 
pacities, with due consideration of the service to be 
performed. 

It is not our purpose in this short review to ad 
vance any theory or practice relative to the particu- 
lar solution of any problem of transportation. We 
have merely endeavored to bring to you, in a brief 
way, the significance of this subject, in our modern 
steel mill, and trust that the full realization may be 
had of its importance “to economically carry from 
one place to another”. 


Fork Lift Electric 
Trucks In 


Steel Mills 


By C. H. MOELLER, 
Yale & Towne Mfg. Co., Pittsburgh, Pa. 


The pulling type of electric tractor is quite com- 
mon in the steel industry and is used principally for 
the hauling of sheets, bars, rods, etc. placed on bug- 
gies or trailers from one department to another and 
eventually, directly into freight cars. In more recent 
years however, the over-end type of lift truck, equip- 
ped with either a ram, forks, adjustable jaws, or a 
goose-neck crane, is becoming more and more popu- 
lar. 

Ram Trucks have been designed to handle coils 
of strip steel from a 2500# load up to 80004 loads 
and are now being used with considerable success. 
Probably the loading of coiled strip steel into box 
cars is one of the most important uses for this type 
of truck. There are several installations in which 
hot rods are picked up with a ram truck and hauled 
to a cooling floor and when cooled, picked up again 
and hauled to picklers. 

The fork type of truck was probably first used in 
loading loose tin plate into box cars. These machines 
have a capacity of 2500#% on forks measuring 26” 
long with an over-all spread of 24” and were at first 
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equipped with clamps to prevent the tin plate from 
slipping while in transit. Many changes have been 
made since these machines were first introduced, 
both in the bundling of the tin plate as well as in 
the design and construction of the fork trucks, so 
that it is not uncommon for a machine to haul two 
and three bundles weighing approximately 60004 
directly into cars and placing each bundle on the 
floor of the car ready for shipment. It is common 
practice to load from 39 to 42 bundles per car, per 
hour. 

This type of handling and loading is proving so 
successful that users and manufacturers of sheet 
steel are considering a similar method for use on 
the smaller sizes of sheets, that is, sheets up to 96” 
long. There are a few automobile manufacturers 
who now receive sheets, within the limits mentioned, 
wired to wooden siringers and which are arranged 
for handling by the fork type of lift truck. A photo 
graph of such a machine is shown herewith. ‘This 
particular truck has a capacity of 8000# on forks 





measuring 56” long and adjustable from 20” up to 
8” in width. These forks come down to the floor 
and are inserted under a bundle of steel; the load 
then can be picked up by either tilting the upright 


members or elevating the forks. The standard ma 
chine has an overall height of 83” with a maximum 
lift of 52” from the floor; a backward tilt of 25 


and a forward tilt of 8°; is equipped with three 
motors, one for driving, one for hoisting and one for 
tilting, 4 wheel steer and 2 wheel drive. 

Should high piling or tiering be required, a tele- 
scopic or multi-lift mechanism can be incorporated 
in this model which would give 4 maximum lift of 
102” from the floor without increasing the minimum 
overall height of the truck itself. 

The truck as shown in the photograph is used to 
supplement the crane service of a large automobile 
manufacturer in delivering bundles of sheets from 
storage to forming presses. It is also used for stor 
ing sheets in buildings where no crane service ex 
ists, as well as performing the functions for which 
the machine was originally purchased, namely, that of 
unloading cars. The performance of this truck has 
been so satisfactory that this same manufacturer has 
purchased additional equipment of similar design. 
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New Fork Truck 
Speeds Operation 
In Tin Plate 

Mills 


By E. |. WALSH, 
Baker-Raulang Company, Cleveland, Ohio. 


This new chain lift fork truck was first shown 
generally at the Iron and Steel Exposition of the A. 
I. & S. E. E. in September and attracted a great deal 
of most favorable comment from the executives and 
operating heads attending the convention. 





This truck, known as the type IF, has been given 
a more or less “streamlined” form in keeping with 
the modern trend—not, however, for speed but for 
simplification of design, greater safety for the opera- 
tor due to the absence of protruding parts on the 
control end of the truck, and for better appearance. 
Particular attention has been paid to making the 
truck most efficient under all operating conditions of 
picking up, carrying, and stacking packs of tin plate 
and small cut sheets. 

The type IF is made in four models having re- 
spective capacities of 4,000, 5,000, 6,000, and 7,000 
pounds with a load 30 inches in length, and in an 
extra large model, known as the IF-70X having a 
capacity of 7,000 pounds with the load 42” long. It 
is also furnished as the type IMF which has the tilt- 
ing feature incorporated allowing the load to be 
nested securely against the back of the forks to pre- 
vent its shifting while travelling over rough floors. 
Types IFH and IMFH are similar to the types 
above with the addition of the telescoping feature 
which permits stacking to extreme heights while still 
maintaining a low overall height of the truck with 
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the uprights telescoped which permits the truck to 
clear the standard box car door for loading steel into 
cars. The forks on all models are adjustable inwards 
toward the center by means of a _ crank-operated 
screw on the carriage. 

The frames of all models are one-piece, heavy, 
rolled, high carbon steel plates extending from the 
operator's step to the trailing axle with all attach- 
ments to the frame being made by driving electrical- 
ly heated rivets through reamed holes. The up- 
rights are fully machined special channels of alloy 
steel. The forks are special steel forgings and the 
fork carriage is amply designed to handle all loads 
which may be imposed upon it. 

The power axle employs the worm drive princi- 
ple of 171% to 1 ratio, having a hardened and ground 
alloy steel worm working on a heavy bronze wheel. 
The four-pinion differential is mounted in a drop- 
forged carrier and turns on ball bearings. Axle 
shafts are of the full-floating type and are of hard- 
ened and ground alloy steel as are the universal 
joints. The joints are enclosed in dust-proof boots. 

The suspension of the power axle is Baker’s pat- 
ented Duplex Compensating Suspension wherein all 
sliding contacts between the axle and the frame are 
eliminated through the use of two _ ball-and-socket 
mounted yokes which take all the driving and brak- 
ing thrusts and torque and still allow the axle to 
have free motion in a vertical direction which is ab- 
sorbed by the rubber pile cushions. These cushions 
replace the conventional type of springs and consist 
of piles of alternate rubber and steel discs. As they 
have to take none of the thrusts or torque, their 
only function is that of cradling the load and ab- 
sorbing shocks, and there is no possibility of break- 
age. 

All motors are Baker made and are of the fully 
enclosed, ball bearing type with high overload ca 
pacities. All leads from both the fields and brushes 
are brought out through the forged field ring by 
brass binding post studs passing through square 
breached holes in the ring. This form of construc- 
tion eliminates broken leads inside the motor case 
with the consequent costly repair and at the same 
time permits easy removal of the motor or drive axle 
for major servicing. 

The travel controller is of the Baker continuous 
torque, meta! drum type with large contact surfaces 
and reversible and renewable electrolytic copper 
finger tips. Three speeds in both forward and re- 
verse are provided. The lift and tilt controllers are 
of the same form of construction and are intercon- 
nected with the lifting and tilting mechanisms to act 
as limit switches at both limits of operation. A 
magnetic blow-out, mill type contactor is interlocked 
electrically with the brake pedal and the travel con- 
troller as a safety switch. 

The tilt unit is a triple reduction spur gear unit 
with the gears running in oil. Pitman or crank 
wheels are connected to the uprights of the truck 
by stiff links and provide a forward tilt of 5 degrees 
and a backward tilt of 20 degrees. 

The hoist unit is identical with the tilt unit ex- 
cept that the Pitman wheels are replaced with alloy 
steel sprockets. The two hoisting chains each have 
an ultimate strength many times the rated capacity 
of the truck. All sprockets and fork carriage rollers 
are mounted on needle bearings which insures the 






A.1.&S.E.E.—TWENTY-SEVEN YEARS OF ENGINEERING SERVICE TO THE IRON & STEEL INDUSTRY 


JANUARY, 1935 














ee td 


SoMKe . 


Ina igeatcrae Salis 








ar cdiind 


=I 





ae 


il 


not 


RRP. vai nines nisi i MIB sa 








JANUARY, 1935 


free movement of the carriage under all loads with 
the use of a minimum amount of power. The hoist- 
ing mechanism is provided with a slack-chain cutout 
which automatically shuts off the power should the 
carriage or forks strike an obstruction on the down 
travel. On lowering under load, the hoist motor is 
shunted so that it acts as a generator and pumps 
back into the battery. 

Travel speeds under full load and at 36 volts vary 
on the different models from 3% to 4% miles per 
hour; travel speeds empty from 434 to 6 miles per 
hour; hoisting speeds under full load, 9 to 13 feet 
per minute; hoisting speeds empty, 20 to 24 feet per 
minute; lowering speeds under full load, 20 to 22 
feet per minute; lowering speeds empty, 20 feet per 
minute. 

Weights of the models, complete with battery 


Cast Roll Progress 
In 1934 


Engineer, Research and Development, Mackin- 
tosh-Hemphill Co., Pittsburgh, Pa. 


The year 1934 is notable for the successful solu 
tion of several of the most serious problems that 
have confronted and handicapped the steel industry. 
The roll is the true center of action in the produc 
tion of all rolled shapes, or flat work. The limita- 
tions of the mill—of the amount of material rolled— 
of the quality of surface obtained—are all set by the 
limitations of the roll itself. 

This fact has assumed greater significance during 
the past few years, which have seen a very material 
increase in the demands for quality of surface finish 
on rolled metal products, and a consequent increase 
in the quality required in the forming rolls them- 
selves. The intreduction of new rolling processes- 
particularly that of the 4-high hot mills for wide 
strip—has tremendously increased the demands upon 
the roll. The enormous pressures exerted, and the 
finish demanded by the trade, necessitate rolls which 
at the same time have extreme strength to resist 
breakage, and possess maximum hardness to resist 
surface marking and produce the bright smooth fin- 
ish required. ~ 

On the other hand, some sheet steel for particular 
purposes demands a dull or somewhat roughened 
surface, upon which future processing may be made 
to adhere. Here a roll of extreme hardness, but with 
a non-homogeneous structure, is required. Even the 
blooming or slabbing mill, which first forms the 
original ingot into slabs to feed the 4-high hot strip 
mills, demands a better roll than used in previous 
roiling methods. For it was early discovered that 
surface markings upon the slabs from the blooming 
mill were apt to persist through to the finished 
product. 

Today there are available rolls that successfully 
meet the above demands. They permit the commer- 
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and counterweight, run from 5,975 pounds to 8,300 
pounds. Hand wheel steering through appropriate 
reductions allow the operator to maneuver the truck 
with ease through congested aisleways and around 
sharp corners. Battery compartments are designed 
to accommodate sufficient battery capacity for con- 
tinuous operation under severe conditions. 

The operator’s platform is provided with a sponge 
rubber pad which protects the opertor from exces- 


sive vibration on rough roads. Alemite high pres- 
sure greasing is provided and all nipples are located 
tor complete accessibility on all units. The grease 


gun used with this system develops about five times 
as much pressure as that used with the old system 
and consequently insures that every part of every 
bearing is reached and that all the old grease with 
its embedded dirt is completely forced out. 


cial production of a satisfactory product upon the 
t-high hot strip miils, with a quality and a surface 
finish equal to or better than that produced by the 
old 2-high mill process. The work rolls for the fin 
ishing stands are made of a rich alloy chilled cast 
iron, up to a scleroscope hardness of 90. This is far 
beyond the limits of machinability, and these rolls 
must be entirely finished by grinding, for both the 
smooth and the dull finishing processes. 

The problem of the blooming mill roHs has been 
met by a rich alloy cast steel, made under an entire- 
ly new conception of alloy utility. It has eliminated 
the “fire-cracking” which was formerly believed to 
be an insurmountable difficulty inherent in steel 
roughing rolls used in forming hot metal under pres 
sure. 

The new type of 3-high hot mills for the rolling 
of sheets, has presented a different problem to the 
roll manufacturers. The chilled iron rolls which were 
tried out first, rapidly broke in service, and it was 
necessary to resort to a roll of considerably tougher 
texture. 1934 saw the development of an alloy steel, 
combining suitable hardness with the finishing quali- 
ties demanded by 3-high application. 

The “Grain Rolls” of the trade also registered a 
very decided improvement during 1934. The rolls 
have now a greater depth of hardness, and a greater 
strength, thus making them more successful for 
small shape finishing. 

In the finishing of large shapes, a further success 
ful development of the cast alloy steel roll has pro 
duced a high-carbon hard alloy steel roll, which is of 
a uniform texture throughout, and at once free from 
hard spots, and from spongy areas. 

The depression years have—in addition to these 
specific instances—increased the surface quality de- 
mands for almost all other standard rolled steel 
products. These demands were immediately passed 
on to the roll manufacturers. They have been met 
by the general stepping up on the quality of all cast 
rolls—an increase made possible through the infor 
mation and knowledge, accumulated by the research 
and development department of the roll makers, in 
the manufacture of special rolls for specific heavy- 
duty purposes. 

Revolutionary roll developments have not, during 
this past vear, been confined to the steel industry 
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alone. Many of the large automobile tire manufac- 
turers, striving to produce a better wearing tire, 
initiated the practice of using more and faster accel- 
erators in the compounding of the rubber—thus pro- 
ducing a harder and tougher batch. ‘The old type 
of chilled iron rolls which were formerly used, proved 
too weak. The roll manufacturers have however de- 
veloped a cast alloy steel, heat-treated to a hardness 
closely approaching that of the old chilled iron, 
which has proved entirely successful. Besides elimi- 
nating the breakage, it has permitted considerably 
increased production in the mills themselves. 

In the corrugated rolls—used in the rubber mills 
for mascerating old rubber tires, or crude rubber- 
chilled iron has been replaced by an alloy steel roll. 
The teeth of this roll are locally hardened by the 
Wearprooft Process, and are proving themselves to 
possess over ten times the life of the rolls previously 


used. 


Control of Scale 
Formation In 
Heating Steel 


By T. B. BECHTEL, 
The Electric Furnace Company, Salem, Ohio. 


Among the most interesting and also among the 
most important developments in connection with the 
heating of steel and steel products is the ability to 
do so in substantial production units with freedom 
from scale formation. 

Bright annealing, as is well known in the cold 
rolled strip and wire industries, to cite only two well 
known uses, has been carried on for a long period 
of time, not always, of course, with the degree oi 
success that might be desired. The development ol 
inexpensive gas atmospheres for bright annealing, 
while of assistance in these cases, has not been nec- 
essary to the operation. 

There are, however, many heating and heat treat 
ing operations on steel and its products which may, 
or perhaps must, from the standpoints of uniformity 
and economy, be carried out continuously. In such 
operations the development of an inexpensive con- 
trolled atmosphere has not only been of assistance 
but reaches the proportions of an important develop- 
ment. 

In many such operations it is not important to 
bring the work out absolutely bright; in fact, under 
certain conditions this may be impossible, and in 
others, though possible, commercially undesirable 
for reasons of economy. Here the problem is entire 
elimination of scale. Not only does this apply to 
continuous operations, but to certain types of batch 
operations, where it is not possible or perhaps desir- 
able to go to the expense or trouble of tightly seal- 
ing the work in a container. 

In these several cases, and with the continuous 
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furnace as a good example, since the ends of the 
furnace must be open to permit the continuous pas- 
sage of the work into and from the furnace, consid- 
erable quantities of the controlled atmosphere med- 
ium must be supplied to keep the air out or to re- 
duce the air otherwise entering the furnace. Hence, 
the importance of an inexpensive controlled atmo- 
sphere for this purpose. 

During the past year a number of installations 
have been made in which the products are being 
turned out either scale-free or bright, depending on 
the requirements and possibilities of the particular 
case. Since the problem in each case varies and de- 
pends on a number of factors, several of these appli- 
cations will be touched on separately in the follow- 


ing. 
Steel Wire 


There has been considerable agitation recently 
regarding the bright annealing of steel wire. This 
product affords an excellent example of the feasibility 
or otherwise of bright annealing. With the soap 
lubricant generally used by wire mills today, there 
is not much use of attempting to bright anneal dry 
drawn wire. A different condition, of course, exists 
in the case of wet drawing. Furthermore, even if it 
were possible to bright anneal all wire, total elimi- 
nation of the cleaning house would still be impossi- 
ble because of the necessity of pickling the rod. 

However, if the wire be kept free from scale, 
considerable advantages are obtained. Among these 
is a considerable saving in pickling time, acid con- 
sumption and general cost. A better surface condi- 
tion is obtained which is helpful for work which is 
redrawn, and of course some metal loss is elimi- 
nated. Furthermore, cold acid may be used, which 
is beneficial to cleaning house operations, and in 
small mills may permit in summer shutting down a 
boiler which would otherwise have to be kept fired 
up under certain conditions of operation. 

A recent application in a wire mill in the Middle 
West includes a controlled atmosphere application to 
annealing pits. The furnaces are fuel fired, since 
there is no reason for using electricity in this loca- 
tion, where it would be more expensive, and also 
since the wire is heated and cooled inside the pots. 
The pots in this case are of heat-resisting alloy and 
are light walled, presenting other advantages in ad- 
dition to those obtained by the use of the controlled 
atmosphere and as set forth above. 


Screw Products 


In recent years the tonnage of bolts in the medi- 
um carbon range and of various alloys has become 
of importance. These bolts are used primarily in the 
automotive and tractor fields and are therefore, for 
the most part, heat treated to bring out the best 
physical properties. The heat treatment consists of 
heating in the range of 1550—1600° F., oil or water 
quenching and drawing as required, but usually be- 
tween 800 and 1000° F.. 

Since a large proportion of these bolts have S. A. 
FE. threads, and the fit or tolerance on this class of 
product is close, it can readily be appreciated that 
even small amounts of scale produced in the heat 
treatment would be embarrassing, not only to the 
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manufacturer in maintaining gauge and appearance 
of product, but also on the assembly line, if allowed 
to go through in the scaled condition. 


In this case, the product comes to the furnaces in 
a condition generally favorable, for the most part, to 
bright hardening. However, other factors enter into 
the picture which make it unnecessary or undesir- 
able to go to the extreme of bringing the product 
out of the hardening furnace in the bright condition. 
It is, however, important that they be entirely scale- 
free, as explained above. 


Several installations have been made during the 
past year for this purpose. These units are equipped 
with a rugged and durable design of belt conveyor 
and are electrically heated. Electric heat is advan- 
tageous in this class of equipment as distinguished 
from the case of the wire furnaces cited above. The 
reasons are that the electric furnaces do not require 
a muffle or retort, as is necessary with the gas fired 
furnace if results at all comparable are to be ob 
tained. In most cases the cost of retort maintenance 
will cover the difference in cost between electricity 
at the usual rates obtainable and even a comparative- 
lv cheap fuel such as natural gas. Thus the electric 
heat in this case has the clear advantage of direct 
application, together with its usual and inherent ease 
of application, uniformity of temperature distribu- 
tion and trouble-free operation. 


One of the installations mentioned is shown in 
the accompanying illustration. (Fig. 1.) 





FIG. | 


Steel Stampings 


As can be seen in the foregoing discussion of 
two classes of steel products, the desirability of 
turning out a product simply free from scale, or en- 
tirely free from any discoloration whatever, depends 
on a number of conditions. 


In the case of steel stampings these factors are 
all important. For example, in an enameling plant, 
such annealing as is done, in the case of kitchen 
ware particularly, is practically all process anneal. 
Since the work comes from the presses with a coat 
ing of die lubricant, a really bright annealed piece 
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may be difficult, if not attainment. 
Freedom from scale is important because of its bear 
ing on die life, but discoloration is not important 


because the steel is all pickled before enameling. 


Here a suitably designed gas fired furnace, with 
proper attention to combustion and control details, 
will generally prove adequate as to anneal and sur- 
face. However, for other classes ot stampings it is 
desirable that a bright or deoxidized surface be pro- 
duced on the annealed part. This restricts the choice 
to an electric furnace with controlled atmosphere. In 
applications such as require a final anneal, or where 
a continuous controlled atmosphere brazing opera- 
tion is being applied, pickling after annealing may 
be dispensed with for certain finishes. 


Cold Rolled Strip 


Another interesting piece of equipment represent- 
ing a development of the past year is a continuous 
furnace for the annealing or perhaps, more properly, 
the normalizing of cold rolled strip steel. 


\ furnace for this purpose is shown in Fig. 2. 





Kor the most part, at least as concerns the mill 
which merchandises strip and does not fabricate the 
product, it is necessary that the annealed product be 
free from tarnish and therefore practically in the 
same condition as when it left the cold mill. This, 
of course, is with reference to surface finish and not 
hardness. 


Other than roll oil, which is controllable, there is 
nothing to prevent such condition attained 
\s concerns the furnace, it is electrically heated, and 
due to the size of the retort or muffle which would 


being 


be necessary were such furnaces to be gas fired, and 
the problem of maintaining tight joints, etc., it ap 
pears that the future of such furnaces is confined 
largely to electric heat. 


he coming year will probably see considerable 
advances, or at least attempts made toward advance 
ment, in this field. 
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Table No. 1 


Trend of Bearing Construction 


Completely 
Namterst ranean 
Purchased Tonnage Bearings Equipped 
| 
3 3 
5 5 4 | 
| 6 
2 '/y 2 
2 10 | 
19 15 15 2 
3 20 2 
2 25 2 
40 | 
| 50 | 
5 60 4 
| 90 
| 125 
150 | 
48 36 6 


TROLLEYS PURCHASED 


Completely 
Equipped 
Number of with Anti- 
Trolleys Friction Partially 
Purchased Tonnage Bearings Equipped 
4 5 4 
2 10 | 
6 5 
Table No. 2 


Type of Cranes Purchased 

Standard Cranes 

Double Hook, Double Drum, Three Hook 
Soaking Pit Crane 

Stripper and Extractor Crane 

Coil Handling Crane 

Machine Shop Crane 

Roll Shop Crane 


Special Cranes 





Total 
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ELECTRICALLY OPERATED CRANE STATISTICS—1934 
ELECTRIC OVERHEAD TRAVELING CRANES, CHARGERS, HOISTS PURCHASED BY 


AND STEEL INDUSTRY 


Sleeve 
Bronze 
Bearings 
Ete. 


Sleeve 
Bronze 
Bearings 
Ete. 


TYPE OF GEARING 
Cranes equipped with Spur Gears 
Spur and Worm Gears 
Helical Gears 
Spur and Helical Gears 
Worm and Helical Gears 
Spur and Herringbone Gears 
Worm Gears 


Total 


COMPILATION 
Total Cranes purchased 
Cranes completely equipped with Anti-friction 
Bearings 
Cranes partially equipped with Anti-friction 
Bearings 
Cranes equipped with Sleeve, Bronze Bearings, 


etc, 


Total 
Trolleys Purchased 
Trolleys completely equipped with Anti-friction 
Bearings 
Trolleys equipped with Sleeve, Bronze Bearings, 
etc. 
Trolleys equipped with Spur Gears 


Trolley unclassified as to Gearing 


182 Motors furnished. 


Total Tonnage purchased, 1,226. 


37 Cranes used D.C. Current. 


11 Cranes used A.C. Current. 
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. 25 


48 


48 


36 
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Developments In The Iron and Steel 


Industry During The Year 1934 


The data compiled in this review is taken from the 
editorial pages of the past twelve issues of the IRON 
and STEEL ENGINEER. As the code of fair com- 
petition governing the iron and steel industry per- 
mitted no expansion in pig iron or steel ingot manu- 
facturing capacity, major expenditures of appropriations 
granted for rehabilitation and new construction projects 
were apportioned to the finishing departments of the 
industry. 


Blast Furnaces 


During the past year one blast furnace was re- 
constructed and eight stacks were dismantled. Sev- 
eral furnaces were relined and wet washing and elec- 
trical precipitating equipment for securing cleaner gas 
were installed on others. 


The trend of thought among the blast operators 
over the past twelve month period centered on future 
lines of stacks, particularly top diameters, bosh an- 
gles, tuyere construction, hearth diameters and checker 
work in stoves to secure higher temperatures. 





Open Hearths 

Relentless efforts were made by the steel industry 
during 1934 to reduce the appalling waste in the 
utilization of heat by insulating the checkers, slag 
pockets, uptakes, flues, port ends, port roofs, front 
and back walls of open hearth furnaces. 

The installation of semi-automatic and automatic 
combustion control equipment with consequent im- 
portant secondary results in savings of refractories 
and repair cost, some averaging better than 10% alone 
in these two items, received quite a bit of attention 
from the combustion engineer and the open hearth 
superintendent. 


Rolling Mills 

By far the efforts of the steel industries operating 
executives and engineers during the past year were 
directed to the rolling units, particularly mills for the 
production of flat rolled steel. 

Cold mills for the rolling of strip, sheets and thin 
gauge steel for coating were predominant. In the 
following tables are presented the electrical and me- 
chanical characteristics and estimated annual capaci- 
ties of several noteworthy installations which began 
initial operations during 1934. 


INLAND STEEL COMPANY, INDIANA HARBOR, IND. 
COLD TIN MILLS 
ESTIMATED ANNUAL CAPACITY—100,000 TONS 
TANDEM COLD MILL 


Motor ROLL DATA No. of Method 
HP. Speed Voltage Current Diameter Length Type Stands of Drive 
500 100-800 600 DC 18”-49” 42” 4-High 1 Geared 
750 400-800 600 DC 18”-49” 42” 4-High 1 Geared 
750 400-800 §0C DC 18”—49” 42” 4-High l Geared 
750 400-800 600 DC 18”—49” 12” t-High l Geared 
500 100-800 600 DC 18”—49” 12” t-High l Geared 
150 225-900 600 DC Tension Reel Geared 

REVERSING COLD MILL 
Non-Driven 5” 34” 38” 4-High 1 Non-Driven 
1000 400-800 600 DC Tension Reels Geared 
MOTOR-GENERATOR DATA 
Motor: 1100 KVA., 6600 Volt, 750 R.P.M., 25 Cycle, Synchronous. 
Generator: 750 KW., 600 Volt, Direct Current. 
Exciter: 40 KW., 250 Volt, Direct Current. 
PLANISHING MILLS 
150 850 250 DC 18” 39” 42” 4-High 1 Geared 
75 300-1200 250 DC Tension Reel Geared 
150 850 250 DC 18”~—39” 42” 4-High 1 Geared 
75 300-1200 250 DC Tension Reel Geared 
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JONES AND LAUGHLIN STEEL CORPORATION, ALIQUIPPA, PA. 
COLD TIN MILL 
ESTIMATED ANNUAL CAPACITY—35,000 TONS 
REVERSING COLD MILL 
































Other mills for the cold rolling of sheets and 
strip placed in operation in 1934 were: 

1—4-High Single Stand Sheet Mill with rolls 16” 
and 44” by 84” for cold rolling full finished auto- 
body stock at the Eastern Rolling Mill Company, 
Baltimore, Md. 

1—4-High Single Stand Strip Mill with rolls 12” 
and 28” by 30” and one 2-High Skin Pass Mill with 












Moter ROLL DATA No. of Method 
HP. Speed Voltage Current Length Diameter Type Stands of Drive 
800 250-750 600 DC Reel Geared 
1500 100-300 600 DC 16 14"-53" 42” 1-High I Direct 
800 250-750 600 DC Reel Geared 
MOTOR-GENERATOR DATA 
Motor: 2450 H.P., 6600 Volts, 750 R.P.M., Syn., 25 Cycles, 0.8 Power Factor. 
Generators KW. Voltage 
Mill 1250 600 
Reel 750 600 
Booster 400 300 
Exciter 50 250/250 
WEIRTON STEEL COMPANY, WEIRTON, W. VA. 
COLD TIN MILL 
ESTIMATED ANNUAL CAPACITY—1I20,000 TONS 
TANDEM COLD MILL 
Motor ROLL DATA No. of Method 
HP. Speed Current Voltage Diameter Length Type Stands of Drive 
600 300-900 250 DC 18” 42” 38” t- High I Geared 
600 300-900 250 DC 18” 42” 38” 1-High | Geared 
600 300-900 250 DC 18”-42” 38” t-High 1 Geared 
600 300-900 250 DC 18” 42” 38” t-High I Geared 
150 600-1400 230 DC Reel Geared 
WHEELING STEEL CORPORATION, YORKVILLE, OHIO . 
COLD TIN MILL | 
ESTIMATED ANNUAL CAPACITY—1I20,000 TONS 
TANDEM COLD MILL 
Motor ROLL DATA No. of Method ; 
HP. Speed Voltage Current Diameter Length Type Stands of Drive i 
800 600-800 600 DC 18” ~39” 12”” t-High | Geared i 
800 600-800 600 DC 18” -39” 42” t-High 1 Geared 
800 600-800 600 DC 18”~39” 42” 1-High I Geared 
800 600-800 600 DC 18” 39” 42” 1-High I Geared 
800 600-800 600 DC 18” —39” 42” 4-High 1 Geared 
100-150-150 300-450-900 230 DC Tension Reel Geared 








Ohio. 
1—4-High Single Stand 


Detroit, Mich. 





rolls 20” by 28” at the Greer Steel Company, Dover, 


Strip 


1—4-High Single Stand Strip Mill with friction- 
ally driven rolls, 244” and 20” by 7%” at the Edi- 


Mill 
11%” and 25” by 16” and two 2-High Mills with rolls 
12” by 10” at the Rotary Electric Steel Company, 






with rolls 
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son Storage Battery Company, East Orange, N. J. 
1—4-High Single Stand Strip Mill with friction- 
’ at the Cruci- 


“ 


ally driven rolls, 34%” and 19” by 7% 
ble Steel Company, Harrison, N. J. 

1—4-High Single Stand Strip Mill with friction- 
ally driven rolls, 3” and 24” by 18” at the Elliott 
Brothers Company, New Castle, Pa. 

Two Hot Strip Mills of the single stand revers- 
ing type with coilers located in heating chambers 
were installed during the past year, one a 2-High 
mill with rolls 214%.” by 20” at the McClouth Steel 
Company, Detroit, Mich., the other, a 4-High mill 
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with rolls 224%" and 44” by 72” at the Youngstown 
Sheet and Tube Company, Indiana Harbor, Ind. 

Major expansion programs began in 1934 and 
which will be completed this year are complete hot 
and cold strip departments at the Youngstown Sheet 
and Tube Company, Youngstown, Ohio; a hot strip 
mill at the Carnegie Steel Company’s McDonald 
Mills, Youngstown, Ohio, District; a blooming mill, 
hot and cold strip mills at the Ford Motor Com- 
pany, Youngstown, Ohio. In the following tables 
are contained the electrical and mechanical charac- 
teristics of the mills purchased with their estimated 
annual capacities. 


FORD MOTOR COMPANY, DETROIT, MICH. 
BLOOMING MILL 


ESTIMATED ANNUAL CAPACITY—550,000 TONS 


Motor ROLL DATA No. of Method 
HP. Speed Voltage Current Diameter Length Type Stands of Drive 
7000 50-120 750 DC 14” 96” 2-High l Direct 

MOTOR-GENERATOR DATA 
Motor: 5000 HP., 13,200 Volt, 3 Phase, 60 Cycle, Induction, with Flywheel. 
Generator: 2—3000 KW., 750 Volt, Direct Current. 
HOT STRIP MILL 
ESTIMATED ANNUAL CAPACITY—500,000 TONS 

Motor ROLL DATA No. of Method 
HP. Speed Voltage Current Diameter Length Type Stands of Drive 
S00 600 140 60 24” 56” SC. BR. l Geared 
2500 600 13,200 60 12” 96” 2-High l Geared 
600 100-800 230 DC Vert. Edger I Geared 
2500 514 13,200 60 32” 56” 2-High Geared 
600 100-800. 230 DC Vert. Edger Geared 
2500 514 13,200 60 21°46” 56” t-High | Geared 
150 100—S800 230 DC Vert. Edger | Geared 
2500 514 13,200 60 21* 46" 56” t-High l Geared 
100 300-600 550 DC 24” 56” SC. BR. | Geared 
3000 200-400 550 DC 21” 46” 56” 1- High | Geared 
3000 200—400 550 DC 21° 46” 56” 1-High l Geared 
3000 200—400 550 DC 21” 16” 56” t-High I Geared 
3000 200-400 550 DC 91° .46” 56” t- High l Geared 
3000 200—400 550 DC 21° 46” 56” t-High l Geared 
2500 150—400 550 DC 21” 416” 56” t- High l Direct 


MOTOR-GENERATOR DATA 


Generators: 6—1500 KW., 250 Volt Connected in Series. 


COLD STRIP MILLS 





ESTIMATED ANNUAL CAPACITY—250,000 TONS 


Motor 
HP. Speed 


-T8% 500 DC 


Voltage Current Mill 


SOU 


225 
2000 300—500 500 DC 
~~) 


S00 5-787 500 DC 


Reversing Cold Mill 





ROLL DATA No. of Method 
Diameter Length Type Stands of Drive 
Tension Reel Geared 
2014"56” 84” !-High l Geared 


Tension Reel Geared 
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Motor 
HP. 
1500 
1500 
1500 

100 
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Motor 
HP. 


1500 
3000 

150 
3000 

150 
3000 

150 
5000 

500 
3500 
3500 
3500 
3500 
38500 
3500 





ROLL DATA No. of Method 
Speed Voltage Current Mill Diameter Length Type Stands of Drive 
350-700 550 DC 18”-46" 56” 4-High 1 Geared 
350-700 550 DC 18”—46” 56” 4-High 1 Geared 
350-700 550 DC Tandem Cold Mill 18”—46” 56” 4-High 1 Geared 
300-1050 550 DC Tension Reel Geared 
MOTOR-GENERATOR DATA 
Motor: 2—2100 KVA., 13,200 Volts, 60 Cycle. 
Generators: 2—1500 KW., 250 Volts Series Connected for 550 Volts. 
YOUNGSTOWN SHEET AND TUBE COMPANY, YOUNGSTOWN, OHIO 
HOT STRIP MILL 
ESTIMATED ANNUAL CAPACITY—600,000 TONS 
ROLL DATA No. of Method 
Speed Voltage Current Diameter Length Type Stands of Drive 
270 2200 60 24” 79” SC. BR. 1 Geared 
150 6600 60 36”—49” 96” 4-High l Geared 
450-900 230 DC Vert. Edging ] Geared 
514 6600 60 24”_49” 79” 4-High l Geared 
450-900 230 DC Vert. Edging l Geared 
514 6600 60 24/49” 79” 4-High 1 Geared 
450-900 230 DC Vert. Edging 1 Geared 
514 6600 60 24”_49” 79” 4-High 1 Geared 
150-450 600 DC 24” 79” SC. BR. l Geared 
175-350 600 DC 24”_49” 79” 4-High l Geared 
175-350 600 DC 24”_49” 1” 4-High l Geared 
175-350 600 DC 24”_49” 79” 4-High l Geared 
175-350 600 DC 24”_49” 79” 4-High 1 Geared 
175-350 600 DC 24”_49” 79” 4-High 1 Geared 
175-350 600 DC 24”_49” 19” 4-High 1 Geared 
2—MOTOR-GENERATOR SETS 
Motors: 2—8500 H.P., 0.8 P.F., 360 R.P.M., 6600 Volts, 60 Cycle. 
Generators: 2—3000 KW., 600 Volt, D.C. 
COLD STRIP AND SHEET MILLS 
ESTIMATED ANNUAL CAPACITY—250,000 TONS 
ROLL DATA No. of Method 
Speed Voltage Current Mill Diameter Length Type Stands of Drive 
300-600 600 DC 2014"—49” 75” 4-High 1 Geared 
300-600 600 DC Tandem Cold Mill 2014”—-49” 75” 4-High 1 Geared 
300-600 600 DC 2014”—49” 75” 4-High 1 Geared 
225 225-900 600 DC Tension Reel Geared 
300-600 600 DC Cold Strip Mill 20144"”-49” 75” 4-High 1 Geared 
225-900 600 DC Tension Reel Geared 
MOTOR-GENERATOR SET 
Motor: 5600 H.P., 6600 Volts, 450 R.P.M., 60 Cycle. 
Generator: 2—2200 KW., 600 Volts, D.C. 
300-600 600 DC Cold Sheet Mill 2014”-49” 90” 4-High 1 Geared 
POWER FURNISHED FROM SHOP BUS AT 250 VOLTS 
500-1000 230 DC _— Skin Pass Mill 27” 54” 2-High 1 Geared 
225-900 230 DC Reel Geared 


MOTOR-GENERATOR SET 


430 H.P., 2200 Volt, 60 Cycle, 3 Phase, 1175 R.P.M. 
300 KW., 230 Volt, Direct Current. 


Motor: 
Generator: 


es 
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Several mills of the three high automatic type are 
being built for export. This type of mill is reported 
to be giving good results, particularly when used as 
a roughing unit in the conventional and semi-auto- 
matic two high finishing sheet mills and for both 
roughing and finishing when rolling stock of 22 gauge 
or heavier. 

Three hot strip mills in the Chicago District were 
revamped to produce lighter gauge or wider material 
during the past year. The Illinois Steel Company’s 
28” Hot Strip Mill at their Gary, Indiana works is 
being revamped by the substitution of four high 
stands in the finishing train. The Inland Steel Com- 
pany’s 76” Hot Strip Mill at their Indiana Harbor 
Works was widened. ‘The Illinois Steel Company 
placed an additional finishing stand on their 96” 
Plate strip mill at the South Chicago, Illinois Works 
to roll light gauge stock for coiling. 
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Other projects of interest were the electrification 
of the rod and blooming mills at the Bethlehem Steel 
Company’s, Johnstown, Pa. plant. The Washburn 
Wire Company, Phillipsdale, Rhode Island, purchased 
a 34” Blooming Mill and a 10” Merchant Mill. 


While the sheet, tin and strip mills were the ob- 
ject of most attention during the past year consumers 
were demanding closer tolerances on round stocks 
used in automatic screw machinery, etc. It is pre- 
dicted that 1935 will see many existing merchant mills 
revamped in order to produce precision stock. 


Electrification of existing mills combined with new 
construction required 53 motors totaling 98,900 horse- 
power for main roll drive duty. The characteristics 
of th motors purchased for this service are presented 
in the following table. 


ELECTRIC MOTORS OVER 300 HORSEPOWER APPLIED TO MAIN ROLL DRIVES 


IN THE IRON AND STEEL AND ALLIED INDUSTRIES, DURING THE YEAR 1934 








No. H.P. Speed Voltage Freq. Type of Mill 
35 350-600 250 DC Tube Mill 
: 400 300-600 550 DC Hot Strip 
3 400 300-1050 550 DC Tension Reel 
4 400 600 2200 60 Roughing Zine 
5 500 150—450 600 DC Hot Strip 
6 500 250-750 250 DC Cold Strip 
7 500 350-700 250 DC Cold Strip 
8 500 600 2300 60 Copper Mill 
9 600 400-800 230 DC Hot Strip Edger 
10 600 400-800 239 DC Hot Strip Edger 
11 700 514 2200 60 Brass Mill 
12 800 225-787 500 DC Cold Strip 
13 800 225-787 500 DC Cold Strip 
14 800 250-750 250 DC Cold Strip 
15 800 600 440 60 Hot Strip 
16 800 600-800 600 DC Cold Strip 
17 800 600-800 600 DC Cold Strip 
18 800 600-800 600 DC Cold Strip 
19 800 600-800 600 DC Cold Strip 
20 800 600-800 600 DC Cold Strip 
21 1250 300-600 600 DC Cold Strip 
22 1250 300-600 600 DC Cold Strip 
23 1250 300-600 600 DC Cold Strip 
24 1250 300-600 600 DC Cold Strip 
25 1250 300-600 600 DC Cold Strip 
26 1500 60-120 600 DC Rev. Billet 
27 1500 350-700 550 DC Cold Strip 
28 1500 350-700 550 DC Cold Strip 
29 1500 350-700 550 DC Cold Strip 
30 1500 500 3000 50 Sheet Mill 
31 2000 175-400 600 DC Hot Strip 
32 2000 300-500 500 DC Cold Strip 
33 2500 150-300 550 DC Hot Strip 
34 2500 514 13,200 60 Hot Strip 
35 2500 514 13,200 60 Hot Strip 
36 2500 514 13,200 60 Hot Strip 
37 2500 600 13,200 60 Hot Strip 
38 3000 150 6600 60 Hot Strip 
39 3000 200-400 550 DC Hot Strip 
40 3000 200-400 550 DC Hot Strip 
41 3000 200-400 550 DC Hot Strip 
42 3000 200-400 550 DC Hot Strip 
43 3000 365 3000 25 Sheet Mill 
44 3000 514 6600 60 Hot Strip 
45 3000 514 6600 60 Hot Strip 
46 3500 1 3é 600 DC Hot Strip 
47 3500 1 é 600 DC Hot Strip 
48 3500 175-35 600 DC Hot Strip 
49 3500 175-38 600 DC Hot Strip 
50 3500 175-350 600 DC Hot Strip 
51 3500 175-350 600 DC Hot Strip 
52 4000 375 6600 25 Rod Mill 
53 7000 50-120 750 DC Rev. Blooming 








Method of Plant Mfgd. 
Drive Purchaser Location By 
Geared Timken Steel & Tube Co. Canton, Ohio Ww. 
Geared Ford Motor Company Detroit, Mich. Ww. 
Geared Ford Motor Company Detroit, Mich. GE. 
Geared Ball Brothers Company Muncie, Ind. GE 


Geared 
Geared 
Geared 
Geared 
Geared 
Geared 


Youngstown Sheet & Tube Co. 
Mesta Machine Company 
Rotary Electric Steel Co. 

C. G. Hussey & Co. 

Ford Motor Company 

Ford Motor Company 


Youngstown, Ohio 
Homestead, Pa. 
Detroit, Mich. 
Pittsburgh, Pa. 
Detroit, Mich. 
Detroit, Mich. 


Geared American Brass Company Waterbury, Conn. 

Geared Ford Motor Company Detroit, Mich. 

Geared Ford Motor Company Detroit, Mich. 

Geared Thomas Steel Company Warren, Ohio GE. 
Geared Ford Motor Company Detroit, Mich. AC. 
Geared Wheeling Steel Corp. Yorkville, Ohio Ww. 
Geared Wheeling Steel Corp. Yorkville, Ohio Ww. 
Geared Wheeling Steel Corp. Yorkville, Ohio Ww. 
Geared Wheeling Steel Corp. Yorkville, Ohio Ww. 
Geared Wheeling Steel Corp. Yorkville, Ohio Ww. 
Geared Youngstown Sheet & Tube Co. Youngstown, Ohio Ww. 
Geared Youngstown Sheet & Tube Co. Youngstown, Ohio Ww. 
Geared Youngstown Sheet & Tube Co. Youngstown, Ohio Ww. 
Geared Youngstown Sheet & Tube Co. Youngstown, Ohio Ww. 
Geared Youngstown Sheet & Tube Co. Youngstown, Ohio 2 
Direct Rotary Electric Steel Co. Detroit, Mich. Ww. 

Geared Ford Motor Company Detroit, Mich. GE. 
Geared Ford Motor Company Detroit, Mich. GE. 
Geared Ford Motor Company Detroit, Mich. GE, 
Geared Asano Bussan Kaisha Japan GE. 
Geared Illinois Steel Company Gary, Ind. GE. 
Geared Ford Motor Company Detroit, Mich. Ww. 
Direct Ford Motor Company Detroit, Mich. Ww. 

Geared Ford Motor Company Detroit, Mich. AC. 
Geared Ford Motor Company Detroit, Mich. AC. 
Geared Ford Motor Company Detroit, Mich. AC. 
Geared Ford Motor Company Detroit, Mich. AC. 
Geared Youngstown Sheet & Tube Co. Youngstown, Ohio GE. 
Geared Ford Motor Company Detroit, Mich. Ww. 

Geared Ford Motor Company Detroit, Mich. Ww. 

Geared Ford Motor Company Detroit, Mich. w. 
Geared Ford Motor Company Detroit, Mich. w. 

Geared Tata Iron & Steel Co. Bombay, India Ww. 
Geared Youngstown Sheet & Tube Co. Youngstown, Ohio GE. 
Geared Youngstown Sheet & Tube Co. Youngstown, Ohio GE. 
Geared Youngstown Sheet & Tube Co. Youngstown, Ohio Ww. 
Geared Youngstown Sheet & Tube Co. Youngstown, Ohio Ww. 

Geared Youngstown Sheet & Tube Co. Youngstown, Ohio Ww. 

Geared Youngstown Sheet & Tube Co. Youngstown, Ohio Ww. 

Geared Youngstown Sheet & Tube Co. Youngstown, Ohio w. 

Geared Youngstown Sheet & Tube Co. Youngstown, Ohio Ww. 

Geared Bethlehem Steel Company Johnstown, Pa. Ww. 

Direct Ford Motor Company Detroit, Mich. GE. 





FURTHER TREATMENT OF 


IRON AND STEEL 


Steel Electrical Engineers held during the 


past year. 


The intense desire of the iron and steel industry 
to produce quality products from a physical and sur- 
face standpoint was evidenced by the discussions at 
the technical sessions of the Association of Iron and 


Paramount interest was displayed in equipments 
and methods to remove ingot defects and surface 
scale, applying protective coatings and annealing and 
normalizing practices. 
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lron and Steel Engineer Index for 1934 


Hlerewith is presented the index of all the authors, 
papers and discussions published in the Iron and Steel 
Engineer for the year 1934. 


LIST OF SUBJECTS 
A 


Acid Handling—A New Technique in—By J. R. Hoover, 
June, 1934, 215. 

Affecting the Circulation of Oil—Factors—By Maurice Res- 
wick, September 1934, 354. 

\. 1. & S. E. E. Development Committee—Developments in 
the Iron and Steel Industry, 1953-1934—By W. H. Burr, 
Chairman, September, 1934, 310. 

\liied Industries—Welding Practices in the Iron and Steel 
and—By G. A. Hughes, Chairman, Welding Engineering 
Division of the A. l. & S. E. E., January, 1934, 18. 

Alloys—Heat Resisting—By M. J. Morris, March, 1934, 112. 

Aluminum Bearing Shells for Heat Dissipation—By B. C. 
McFadden, March, 1934, 95. 

Annealing and Tube Furnaces Installed in the United States 

—Soaking Pit, Heating—March, 1934, 127. 

\nnealing Furnaces—lube Type—By Lee Wilson, August, 
1934, 280. 

Annealing—Use of Electric Furnaces for Box—By A. N. 
Otis, July, 1934, 248. 

Answer—Load Factor and Power Cost—A Danger and a 
Possible—By P. M. Lincoln, December, 1934, 494. 

Anti-Friction Bearing Progress in Steel Mill Equipment— 
By John L. Young, September, 1934, 384. 

Anti-Friction Bearings as Applied to Hot and Cold Strip 
Mills—By F. C. Hallmark, January, 1934, 14. 

Anti-Friction Bearings in Connection with Cold Mills—By 
C. J. Klein, January, 1934, 28. 

Anti-Friction Bearings to Roll Necks of Steel Rolling Mills 
of the United States—Tabulation of Applications of— 
September, 1934, 388. 

Anti-Friction Roll Neck Bearings—Developments in Appli- 
cation of—By A. H. Frauenthal, September, 1934, 386. 
Apparatus Applicable to Open Hearth Furnaces—Combus- 
tion Control—By G. A. Merkt, September, 1934, 375. 
Applicable to Open Hearth Furnaces—Combustion Control 

Apparatus—By G. A. Merkt, September, 1934, 375. 

Application—New Fuels and Their—By Martin Conway, 
April, 1934, 141. 

Application of Anti-Friction Roll Neck Bearings—Develop- 
ments in—By A. H. Frauenthal, September, 1934, 386. 
\pplication of Bearings to Rolling Mills—Improvements in 

—By Gunnar Palmgren, September, 1934, 385. 

Application of Gearmotors—Design and—By R. S. Mar- 
thens, April, 1934, 143. 

Applications in Steel Heating Furnaces—Insulating Fire- 
brick—By M. J. Terman, June, 1934, 218. 

\pplications of Anti-Friction Bearings to Roll Necks of 
Steel Rolling Mills of the United States—Tabulation of 

September, 1934, 388. 

Applications of Roller .Bearings—Recent Developments in 
Steel Mill—By D. E. Batesole, September, 1934, 387. 
Applied to Hot and Cold Strip Mills—Anti-Friction Bear- 

ings as—By F. C. Hallmark, January, 1934, 14. 

Applied to Secondary Cleaning of Blast Furnace Gas— 
Electrical Precipitation as—By G. T. Hollett, May, 1934, 
175 

Arc Weld Metal—Nitrogen in Metallic—By J. W. Miller, 
November, 1934, 450. 

Automatic Combustion Control of Open Hearths—By W. 
M. Shallcross, September, 1934, 379. 


B 


Bargaining—The Employee Representation Plan—Collec- 
tive—By Tom M. Girdler, July, 1934, 270. 

Batch Furnaces for Heating—Utilization of—By T. B. 
Bechtel and M. H. Mawhinney, July, 1934, 246 

Bath—Heat Transfer to the Open Hearth—By W. C. Buell, 
February, 1934, 57. 

Bearing Progress—Compos'tion and Lignum Vitae Roll 
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Neck—By L. F. Cofiin, September, 1934, 383. 
Bearing Progress in Steel Mill Equipment—Anti-Fric.ion— 
By John L. Young, September, 1934, 384. 


Bearing Shells for Heat Dissipation—Aluminum—By B. C. 


Mcltadden, March, 1934, 95. 

Bearings in Connection with Cold Mills—Anti-Friction 
By C. J. Klein, January, 1934, 29. 

Bearings as Applied to Hot and Cold Strip Mills—Anti- 
Friction—By F, C. Hallmark, January, 1934, 14. 

Bearings—Developments in Application of Anti-Friction 
Roll Neck—By A. H. Frauenthal, September, 1934, 386. 

Bearings—Recent Developments in Steel Mill Applications 
of Roller—By D. E. Batesole, September, 1934, 387. 

Bearings to Roll Necks of Steel Rolling Mills of the United 
States—Tabulation of Application of Anti-Friction—Sep- 
tember, 1934, 388. 

Bearings to Rolling Mills—Improvements in Application of 
—By Gunnar Palmgren, September, 1934, 385. 

setween the Employer and the Employee—Social and In- 
dustrial Relations—By Tom M. Girdler, October, 1934, 
392. 

Billet Chipping— 
1934, 464. 

Blast Cleaning of Steel—By W. A. Rosenberger, August, 
1934, 286. 

Blast Furnace Gas—Electrical Precipitation as Applied to 
Secondary Cleaning of—By G. T. Hollett, May, 1934, 175. 

Blast Furnace Gas—Electrical Precipitators for Cleaning 
Washed—By K. E. Dinius, May, 1934, 172. 

Blast Furnace Gas—Electrical Precipitators for the Clean- 
ing of Washed—By H. M. Pier, May, 1934, 178. 

30x Annealing—Use of Electric Furnaces for—By A. N. 
Otis, July, 1934, 248. 

Builders Servicing the Iron and Steel Industry—A Guide 
for Equipment—January, 1934, 24. 


Mechanical—By G. W. Lentz, November, 


Cc 


Castings—Heat Resisting—By F. A. Fahrenwald, May, 
1934, 186. 

Centralized Lubrication in the Steel Industry—The Prog- 
ress of—By A. J. Jennings, October, 1934, 396. 


Characteristics of Temperature Controls for Oil Fired. 


Furnaces—By W. N. Horko, July, 1934, 266. 

Chipping—Mechanical Billet—By G. W. Lentz, November, 
1934, 464. 

Circulation of Ojl-Factors Affecting the—By Maurice Res- 
wick, September, 1934, 354. 

Cleaning and Processing Machines—Special Electrical Drives 
for Steel—By A. M. MacCutcheon and W. R. Hough, 
November, 1934, 436. 

Cleaning of Blast Furnace Gas—Electrical Precipitation as 
Applied to Secondary—By G. T. Hollett, May, 1934, 175. 

Cleaning of Steel—By E. A. Rich, August, 1934, 284. 

Cleaning of Steel—Blast—By W. A. Rosenberger, August, 
1934, 284. 

Cleaning of Washed Blast Furnace Gas—Electrical Precipi- 
tators for the—By H. M. Pier, May, 1934, 178. 

Cleaning Washed Blast Furnace Gas—Electrical Precipita- 
tors for—By K. E. Dinius, May, 1934, 172. 

Cold Mills—Anti-Friction Bearings in Connection with— 
By C. J. Klein, January, 1934, 28. 

Cold Roll Strip Mills—Electrical Features of Modern—By 
A. F. Kenyon, March, 1934, 113. 

Cold Strip Mills—Anti-Friction Bearings as Applied to Hot 
and—By F. C. Hallmark, January, 1934, 14. 

Collective Bargaining—The Employee Representation Plan 
—By Tom M. Girdier, July, 1934, 270. 

Combustion Control Apparatus Applicable to Open Hearth 
Furnaces—By G. A. Merkt, September, 1934, 375. 

Combustion Control for Open Hearth Furnaces—By H. H. 
Gorrie, September, 1934, 374. 

Combustion Control of Open Hearths—Automatic—By W. 
M. Shallcross, .‘September, 1934, 379. 

Compared to Fuel Fired Furnaces—Temperature Distribu- 
tion of Electric Furnaces—By Wirt S. Scott, July, 1934, 
25. 

Comparative Values of Fuels in a Steel Mill—By H. V. 
Flagg, September, 1934, 338. 
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Composition and Lignum Vitae Roll Neck Bearing Prog 
ress—By L. F. Coffin, September, 1934, 383. 

Connection With Cold Mills—Anti-Friction Bearings in 
By C. J. Klein, January, 1934, 28. 

Connection with Sheets—Hot Galvanizing in—By Nelson 
E. Cook, April, 1934, 135. 
Control Apparatus Applicable to Open Hearth Furnaces 
Combustion—By G. A. Merkt, September, 1934, 375 
Control for Open Hearth Furnaces—Combustion—By H. H 
Gorrie, September, 1934, 374. 

Control of Open Hearths—Automat’¢c Combustion—By W 
M. Shallcross, September, 1934, 379. 

Control—Open Hearth Furnace—By M. J. Bradley, Sep- 
tember, 1934, 376. 





Controls for Oil Fired Furnaces—Characteristics of Ten- 


perature—By W. N. Horko, July, 1934, 266. 

Cost—A Danger and a Possible Answer—Load Factor and 
Power—By P. M. Lincoln, December, 1934, 494. 

Crane Statistics, 1928-1933—Electrically Operated—January, 
1934, 16. 


Cranes—Mainienance of—By F. W. Cramer, October, 1934, 


411. 
Cutting in Metal Working—Oxy-Acetylene Welding and— 
By W. S. Walker, December, 1934, 479 


D 


Danger and a Possible Answer—Load Factor and Power 
Cost—A—By P. M. Lincoln, December, 1934, 494. 

Data—Steel Plant Melting—March, 1934, 128. 

Deposition of Metal—Electro—By John F. Kelly, March, 
1934, 109. 

Deseaming Purposes—Illumination for—By R. F. Sanner, 
September, 1934, 372. 

Design and Application of Gearmotors 
thens, April, 1934, 142. 

Design and Lubrication of Mill Reduction Gear Units—By 
Thomas Holloway, April, 1934, 155. 

Design and Operation ot Industrial Furnaces—Recent De- 
velopments in—By G. A. Merkt, February, 1934, 76 
Development Comm:ttee—Developments in the Iron and 
Steel Industry—1933-34—By W. H. Burr, Chairman A. 

I. & S. E. E., October, 1934, 310 

Development of Lubricating System—Trend of—By R. M 
Gordon, September, 1934, 382. 

Developments in Application of Anti-Friction Roll Neck 
Bearings—By A. H. Frauenthal, September, 1934, 386 
Developments in Design and Operation of Industrial Fur- 
naces—Recent—By G. A. Merkt, February, 1934, 76. 
Developments in Pickling—By J. H. Snyder, March, 1934, 

112-a. 

Developments in Steel Mill Applications of Roller Bear- 
ings—Recent—By D. E. Batesole, September, 1934, 387 

Developments in the Iron and Steel Industry, 1933-1934— 
By W. H. Burr, Chairman, A. I. & S. E. E. Develop- 
ment Committee, October, 1934, 310 

Developments in the Rolling of Sheets and Strip, 1934— 
By Stephen Badlam, December, 1934, 500 

Developments in the Steel Industry in 1933—Electrical— 
By H. A. Winne, January, 1934, 10. 

Developments in the Steel Industry in 1933—Electrical— 
By R. H. Wright, January, 1934, 10. 

DISCUSSION: Anti-Friction Bearings in Connection with 
Cold Mills—By B. R. Shover and W. R. Clark, Janu- 
ary, 1934, 30. 

DISCUSSION: Blast Cleaning of Steel—By J. Malborn, 
W. A. Rosenberger, J. H. Van Campen, and Stanley 
McKee, August, 1934, 295. 

DISCUSSION: Cleaning of Biast Furnace Gas—By S. F 
X. Plaisance, J. C. Hayes, G. T. Hollett, H. M. Pier, 
E. Kieft, A. J. Whitcomb, Gordon Fox, C. N. Arnold, 
R. Lindgren, H. A. Smith, W. E. Miller, K. E. Dinius, 
J. W. Murphy and S. A. Kish, May, 1934, 180. 

DISCUSSION: Cleaning of Steels—By E. A. Rich, J. | 
Miller, and W. A. Rosenberger, August, 1934, 285 

DISCUSSION: Design and Application of Gearmotors—By 
R. S. Marthens, L. F. Coffin, A. J. Standing, G. H, 
Schaeffer, R. F. Gale, F. O. Schnure, J. Hertrick, W. FE. 
Miller, W. G. Hummel, H. K. Hardcastle, P. A. Me 
Terney, L. C. Lucas, W. F. Frank, E. P. O'Neill and 
J. H. Flagg, April, 1934, 146. 

DISCUSSION: Electric Drives for Flying Shears—By John 
C. Reed and L. A. Umansky, June, 1934, 239 





By R. S. Mar- 
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DISCUSSION: Electrical Equipment for High Speed Pre 
cision Merchant Mills—By |] A. Umansky, T. B. M« 
Elray, R. E. Hough, H. J. Baugh, H. G. R. Bennett, H 
R. Mercer, and R. H. Wright, October, 1934, 409 

DISCUSSION: Heat Resisting Castings—By F. A. Fah 
renwald, N. B. Ornitz, J. H. Van Campen, R. S. Brown 
and M. A. Hunter, May, 1934, 210 

DISCUSSION: Heat Transfer to the Open Hearth Bat 
By W. N. Flanagan, W. C. Buell, Jr, L. Larson, J. 1 
Miller, H. McClelland, H. V. Flagg, G A. Merkt, J. FE 
Dunn, M. J. Conway and Feodore F. Foss, February, 
1934, 63 

DISCUSSION: Heating Slabs for Hot Strip Mills—By J 
L.. Miller, F. E. Leahy, W. R. Culbertson, H. V. Flagg, 
H. Dobrin, M. J. Conway and G. T. Hollett, February, 
1934, 87. 

DISCUSSION: Hot Galvanizing in Connection with Sheets 
—By R. J. Wean, Nelson E. Cook, J. H. Van Campen, 
E. A. Rich and J. Malborn, August, 1934, 300 

DISCUSSION: 76” Hot Strip Mill Inland Steel Company, 
Indiana Harbor, Ind.—By S. Badlam, R. W. Davis, | 
\. Umansky, F. O. Schnure, C. J. Smith, G. Fox, J 
O’Malia and A. J. Standing, December, 1934, 490 

DISCUSSION: Load Factor and Power Cost—A Danger 
and a Possible Answer—By J. F. Gillespie, Paul M. Lin- 
coln, A. G. Montgomery, J. Slepian and G. A. Hughes, 
December, 1934, 498 

DISCUSSION: Mechanical Billet Chipping—By W. FE. Mil 
ler, A. J. Standing, M. J. Conway, G. W. Lentz, J. C 
ler, A. J. Standing, M. J. Conway, G. W. Lenz, J. ( 
Reed and J. L. Miller, November, 1934, 467 

DISCUSSION: Nitrogen in Metallic Arc Weld Metal—B\ 
P. P. Alexander and H. M. Hobart, November, 1934, 461 

DISCUSSION: Pack and Pair Heating Furnaces in Con 
nection with Sheet and Tin Mills—By F. E. Leahy, F 
L. Estep, C. H. Verwohlt, R. J. Wean, N. B. Ornitz, 
H. V. Flagg, F. Oppenheimer, G. J. Hagan, T. B 
Bechtel and W. E. Blythe, February, 1934, 72 

DISCUSSION: Precis'‘on Rolling Mills—By F. B. Crosby, 
F. H. Moyer, C. W. Meyers, H. G. R. Bennett, S. M 
Weckstein and J. A. Clauss, November, 1934, 432 

DISCUSSION: Recent Developments in Design and Oper 
ation of Industrial Furnaces—By G. A. Merkt, C. L. 
Joly, M. J. Conway and Feodore F. Foss, February, 
1934, 81. 

DISCUSSION: Special Electrical Drives for Steel Cleaning 
and Processing Machines—By W. E. Miller, J. Farring 
ton, G. E. Stoltz, A. J. Standing, H. A. Winne, J. C. 
Reed and A. M. MacCutcheon, November, 1924, 444 

DISCUSSION: Tube Type Annealing Furnaces—By Le 
Wilson, F. W. Brooke, F. E. Leahy and D. S. Bell, 
August, 1934, 282 

Dissipation—Aluminum Bearing Shells for Heat—By B. C 
McFadden, March, 1934, 95 

Distribution of Electric Furnaces Compared to Fuel Fired 
Furnaces—Temperature—By Wirt S. Scott, July, 1934, 
#. 


} 
i 


257 

Drives for Flying Shears—Electric—By I \. Umansky, 
June, 1934, 224 

Drives Installed in Steel Mills During 1933—Main Roll 
January, 1934, 15. 

Drives for Steel Cleaning and Processing Machines—Special 
Electrical—By A. M. MacCutcheon and W. R. Hough, 
November, 1934, 436 

During 1933—Main Roll Drives Installed in Steel Mills 
January, 1934, 15 


E 


Electric Drives for Flying Shears—By I \. Umansky, 
June, 1934, 224 

Electric Furnaces Compared to Fuel Fired Furnaces—Tem 
perature Distribution of—By Wirt S. Scott, July, 1934, 
257. 

Electric Furnaces for Box Annealing—Use of—By A. N 
Otis, July, 1934, 248 

Electrical Developments in the Steel Industry in 1933 
By H. A. Winne, January, 1934, 10 

Electrical Developments in the Steel Industry in 
By R. H. Wright, January, 1934, 10 

Electrical Drives for Steel Cleaning and Processing Ma 
chines—Special—By A. M. MacCutcheon and W. R. 
Hough, November, 1934, 436 
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Electrical Equipment for High Speed Precision Merchant 
Mills—By R. H. Wright, October, 1934, 406. 

Electrical Equipment—Safe Maintenance Work on Indus- 
trial—By J. D. Donovan, November, 1934, 446. 

Electrical Features of Modern Cold Roll Strip Mills—By 
A. F. Kenyon, March, 1934, 113. 

Electrical Precipitators for Cleaning Washed Blast Furnace 
Gas—By K. E. Dinius, May, 1934, 172. 

Electrical Precipitators for the Cleaning of Washed Blast 
Furnace Gas—By H. M. P.er, May, 1934, 178. 

Electrical Precipitation as Applied to Secondary Cleaning 
of Blast Furnace Gas—By G. T. Hollett, May, 1934, 175. 

Electrically Operated Crane Statistics, 1928-1933, January, 
1934, 16. 

Electro Deposition of Metal—By John F. Kelly, March, 
1934, 109. & 
Employee Representation Plan—Collective Bargaining—The 

—By Tom M. Girdler, July, 1934, 270 

Employee—Social and Industrial Relations Between the 
Employer and the—By Tom M. Girdler, October, 1934, 
392. 

Employer and the Employee—Social and Industrial Rela- 
tions Between the—By Tom M. Girdler, October, 1934, 
392. 

Engineering Opinions—A Review of 1933—January, 1934, 1. 

Equipment—Anti-Friction Bearing Progress in Steel Mill— 
By John L. Young, September, 1934, 384. 

Equipment Builders Servicing the Iron and Steel Industry 
—A Guide for—January, 1934, 25. 

Equipment for High Speed Precision Merchant Mills 
Electrical—By R. H. Wright, October, 1934, 406. 

Equipment for the Steel Industry—New—By R. J. Wean, 
September, 1934, 371. 

Equipment—Safe Maintenance Work on Industrial Elec- 
trical—By J. D. Donovan, November, 1934, 446. 

Expenditures in Normal Operating Years—The Steel In- 
dustry’s—January, 1934, 27. 


F 


Factor and Power Cost—A Danger and a Possible Answer 
—Load—By P. M. Lincoln, December, 1934, 494. 

Factors Affecting the Circulation of Oil—By Maurice Res- 
wick, September, 1934, 354. 

Features of Modern Cold Roll Strip Mills—Electrical—By 
A. F. Kenyon, March, 1954, 113. 

Firebrick Applications in Steel Heating Furnaces—Insulat- 
ing—By M. J. Terman, June, 1934, 218. 

Fired Furnaces—Characteristics of Temperature Controls 
for Oil—By W. N. Horko, July, 1934, 266. 

Fired Furnaces—Temperature Distribution of Electric Fur- 
naces Compared to Fuel—By Wirt S. Scott, July, 1934, 
Zo7. 

Flying Shears—Electr:c Drives for—By L. 
June, 1934, 224. 

Fuels and Their Application—New—By Martin J. Conway, 
April, 1934, 141. 

Fuel Fired Furnaces—Temperature Distribution of Electric 
Furnaces Compared to—By Wirt S. Scott, July, 1934, 257. 

Fuels in a Steel Mill—Comparative Values of—By H. V. 
Flagg, September, 1934, 338. 

Furnace Gas—Electrical Precipitation as Applied to Sec- 
ondary Cleaning of Blast—By G. T. Hollett, May, 1934, 
175. 

Furnace Gas—Electrical Precipitators for Cleaning Washed 
Blast—By K. E. Dinius, May, 1934, 172. 

Furnace Gas—Electrical Precipitators for the Cleaning of 
Washed Blast—By H. M. Pier, May, 1934, 178. 

Furnaces—Characteristics of Temperature Controls for Oil 
Fired—By W. N. Horko, July, 1934, 266. 

Furnace Control—Open Hearth—By M. J. Bradley, Sep- 
tember, 1934, 376. 

Furnaces—Combustion Control Apparatus Applicable to 
Open Hearth—By G. A. Merkt, September, 1934, 375. 
Furnaces—Combustion Control for Open Hearth—By H. H. 

Gorrie, September, 1934, 374. 

Furnaces Compared to Fuel Fired Furnaces—Temperature 
Distribution of Electric—By Wirt S. Scott, July, 1934, 
257. 

Furnaces for Box Annealing—Use of Electric—By A. N. 
Otis, July, 1934, 248. 

Furnaces for Heating—Utilization of Batch—By T. B. 

Bechtel and M. H. Mawhinney, July, 1934, 246. 
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Furnaces in Connecticn with Sheet and Tin Mills—Pack 
and Pair Heating—By R. J. Wean, February, 1934, 67. 

Furnaces Installed in the Iron and Steel Industry in the 
United States—Soaking Pit, Heating, Annealing and 
Tube—March, 1934, 127. 

Furnaces—Insulating’ Firebrick Applications in Steel Heat- 
ing—By M. J. Terman, June, 1934, 218. 

Furnaces—Recent Developments in Design and Operation 
of Industrial—By G. A. Merkt, February, 1934, 76. 

Furnaces—Temperature Distribution of Electric Furnaces 
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WHY NOT MAKE IT EASY 





ON YOURSELF 





Why be bothered with needless blowing of fuses—or fuses burn 
ing up—or fuses that don’t stand up under hard service conditions? 


You can get a fuse that gives the best in protection—that stays 


in service year after year—and that helps prevent needless shut 
downs. 


These desirable results are obtainable with the BUSS SUPER 
LAG fuse because:— 


1 It uses the “Super-Lag” Principle. This prevents it from blow 
© ing on many of the harmless overloads or surges that so fr 
quently cause ordinary fuses to “pop out” 


9 The design is so simple and correct that the development of 
* poor contact in the fuse is prevented, This eliminates anothe 
major cause of needless blows and costly shutdowns 


3 The design prevents injury to the link in renewing the fus« 
* This also prevents premature blows and costly shutdowns 


4 The preventing of poor contact in the fuse means that BUSS 
* fuses, properly installed, will not char or burn up. This ma 
terially reduces fuse bills. 


5 The quality and strength of each part and the scientific hand 
* ling of the vapors formed when a fuse blows prevent the fuse 
destruction so common to ordinary fuses. This further reduces fuse 


bills. 


Why not make it easy on yourself by saving time, trouble and 
money in your plant. A line to us will bring you full data by mail 
or a BUSS representative will call, if you prefer 


BUSSMANN MANUFACTURING COMPANY, 2536 W. University St., St. Louis, Mo. 


A Division of the McGraw Electric Company 
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ITEMS OF INTEREST 


The United States Steel Corporation announces 
the following changes in personnel: The resignation 
of C. L. Wood as ‘vice president in charge of sales, 
in New York. Appointment of Robert Gregg, presi- 
dent of the Tennessee Coal, Iron and Railroad Com- 
pany to succeed Mr. Wood. J. L. Perry, vice presi- 
dent of the American Steel and Wire Company, 
Cleveland, has been shifted to the presidency of the 
Tennessee company in Birmingham. Retirement of 
J. B. Carse as chairman of the purchasing agents’ 
committee and director of purchases in New York. 
Charles H. Rhodes of the Illinois Steel Company has 
been appointed the successor to Mr. Carse. 


a“ 


}. Ht. Vohr has been appointed superintendent of 
the new continuous hot strip mill of the Youngs- 
town Sheet and Tube Company at Campbell, Ohio. 


a 
E. Koenig has been named the chief engineer, 
Republic Steel Corporation, Youngstown District. 
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Terman, M. J., Insulating Firebrick Applications in Steel 
Heating Furnaces—June, 1934, 218. 

‘lower, Walter S., Review and Outlook for the Iron and 
Steel Industry—January, 1934, 12. 

Tower, Walter S., Steel’s Part in National Recovery—May, 
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Umansky, L. A., Electric Drives for Flying Shears—June, 
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Walker, W. S., Oxy-Acetylene Welding and Cutting in 
Metal Working—December, 1934, 479. 

Wean, R. J.,. New Equipment for the Steel Industry—Sep- 
tember, 1934, 371. 

Weckstein, S. M., Precision Rolling Mills—November, 1934, 
427. 

Wilson, Lee, Tube Type Annealing Furnaces—August, 1934, 
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Winne, H. A., Electrical Developments in the Steel Indus- 
try in 1933—January, 1934, 10. 
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Young, John L., Anti-Friction Bearing Progress in Ste 
Mill Equipment—September, 1934, 384. 


The Morgan Engineering Company announces the 
appointment of S. R. Cox, Jr., as Pittsburgh district 
manager to succeed J. J. McQuillen, who after forty 
five years of service with the Company has requested 
a leave of absence and will probably in the future 
be located at the home office. Mr. Cox before be 
coming associated with the Morgan Company was 
sales engineer for the Hyatt Roller Bearing Com- 
pany and previous to that was affiliated with the 
Carnegie Steel Company at Braddock. 

a 
OBITUARIES 


David Rees Bowen, vice-president of Farrel-Dir- 
mingham Company, Inc., and for forty-five years its 
chief engineer, died at his home at Ansonia Conn., 
on Saturday, December 29, 1934. 

6 

William W. Macon, for 23 years identified with 
the editorial department of the Iron Age, during 14 
vears of that period as managing editor and editor in 
chief, died January 1 in New York. 
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S08 -Equipped 31°’ x 10” 4-High Continuous Cold Rolling Mill 
Built by Friedr Krupp, Grusonwerk, A-G 


The outstanding record of the Sis Self-Aligning Roll-Neck 
Bearing is due to its ability to endure “pass” punishment 


without losing its precision performance. 


The &sF links heavy loads and high speeds with bearing 
endurance that yields big tonnage figures on uniformly rolled 
material. It is completely self-aligning ... has high radial and 
thrust capacity, full surface contact between rollers and guide 
flange assuring unexcelled roller guidance, low friction and 
absence of wear. It provides an equalized load distribution 
insuring full bearing capacity and the longest life. Small 
wonder, then, that more stands are equipped with =csf roll- 
neck dependability. ts INDUSTRIES, INC., Front St. and 
Erie Ave., Philadelphia, Pa. 
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Heavy D UTY 
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features the performance 
of SKF Self-Aligning 
Roll-Neck Bearings 


Nearly 1100 Stands 
Are Now SKF -Equipped 


Roller Bearings 
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self-contained 
units having a sta- 
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SIMPLIFY 
minimum number CONSTRUCTION 
of wearing parts. . 
ELIMINATE 
° DELAYS 
a REDUCE 
We invite your request for 
further information. EXPENSES 
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